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SECTION I 
DEFINITIONS AND INTRODUCTORY MATERIAL 



1.1 CENTRAL COMPUTER 

1. 1. 1 General Terms 

(1) Sequence 

A sequence is the numerical or other arrangement of a set of words stored in 
or performed on the computer. 

(2) Instruction 

An instruction is a l6-digit binary word used to control the computer. 

(3) Operation 

An operation is the 5 digits of an instruction which go to the operation con- 
trol switch. 

(k) Command 

A command is a control pulse from the control matrix. 

(5) Process 

A process is an automatic manipulation initiated by a command. 

(6) Modulo (Abbreviated "mod") 

A number p modulo q is defined as the numerator of the fractional remainder 
when p is divided by q. 

Example 1: 60 mod 13- = fc + jj* bence, 60 mod 13 = 8 
Example 2: 1.37 mod 1. ±^L « i + JSI, hence, 1.37 mod 1 - . 37 

1.1.2 Computer Programs 
(l) Program 

A program is a sequence of actions by which a computer handles a problem. 
The process of determining the sequence of actions is known as programming. 
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(2) Floy Diagrams 

A flow diagram is a series of general statements of what the computer has to 
do at various stages in a program. lines of flow indicate how the computer passes 
from one stage of the program to another. 

(3) Coded Program 

Programs and flow diagrams are somewhat independent of computer characteristics, 
but instructions for a computer must be expressed in terms of a code. A set or 
instructions that will enable a computer to execute a program is called a c ^ 
program, and the process of preparing a coded program is known as coding. Individual 
coded instructions call for specific operations such as multiply, add, shift, etc. 

1.1.3 Computer Components 

(1) Registers and Words 

A register has 16 binary digit positions, each able to store a one or a zero. 
A word is a set of 16 binary digits that may be stored in, a register, representing 
either an instruction or a number. 

(2) Arithmetic Element 

Arithmetic operations take place in the arithmetic element whose main conqDonents 
are three flip-flop registers, the A-Register, the Accumulator, and the B-Register 
(AR, AC, and BR). The 16 digits positions of AR starting from the teft are denoted 
^AR 0, AR1, ... , AR 15. The digit positions of AC and BR are denoted in a suDilar 
fashion. Words enter AC through AR; BR is an extension of AC to the right. 

(3) Primary Storage 

Primary storage consists of 6lkk registers of magnetic core memory (JCM) with 
an access time of 7 microseconds, and 32 registers of test storage. There are three 
shower-stalls of magnetic core memory, two of which contain IT pla^s of 102lf cores 
each. The third and latest shower-stall contains 17 planes of J*096 cores each. 
The 17 planes represent the 16 binary digits of WWI register and the one digit used 
for checking purposes. Since WWI is designed to operate with a full complement of 
2<*8 registerTof storage, only 2<*8 of the 61^ available registers may be used 
at a time. Thus, for manipulation ease core storage is divided into Bix equal parts 
of 1021* registers, with the proviso that two parts (fields) be used at one time to 
provide the required 20^8 registers necessary for full computer operation. The 
six equal parts or "fields" are numbered through 5 and may be chosen ty the use 
of the WWI instruction "change fields," ef . A ^ntrol system exists which considers 
register addresses to be in one of two groups: Group A includes register addresses 
r? 1023 inclusive, and Group B includes register addresses 102* - 20l*7 inclusive. 
Any combination of fields can be used with the exception ^VV^^Srs 
oclupy Group A and Group B locations similtaneously. The 32 toggle-switch registers 
5 SKt s^o^age and the five flip-flop storage registers, which may be *»£*£5S* 
with any of the 32 toggle-switch storage registers, occupy registers - 31 ^lus^e, 
of thef ieM memory used in Group A, which are thus normally unavailable for programmin 
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(k) Input-Output 

All information entering or leaving the computer is temporarily stored in 
the input-output register (IOR). The computer regulates the flow of information 
between the internal storage and IOR, and also calls for any necessary manipulation 
of external units. 

(5) Control element 

This element controls the sequence of computer operations and their execution. 
The control element takes the instructions one at a time from storage in a sequence 
described in 1.1.6 (l) where instructions are. stored as individual words. 

(6) Inter-connections 

The four main elements of the computer (storage, control, arithmetic, and 
input-output) are connected by a parallel communications system known as the bus. 

1.1 Ji- Representation of Instructions 

(1) Operation section 

When a word is used to represent an instruction, the first (left-hand) 5 
digits, or operation section, specify a particular operation in accordance with 
the operation code. . 

(2) Address section 

The remaining 11 digits, or address section, are interpreted as a number with 
the binary point at the right-hand end. For the majority of instructions, this 
number is the address of the register whose contents will be referred to in the 
operation. In the 'instructions erth, sir , srh , srr , clc , and clh, the number specifies 
the extent of a shift, and may also specify additional variants, such as rounding- 
off or clearing the B-registerj the address section is not used in rd; in re the 
address section is referred to only when used with the character generatorTsee 
Section 3.8.3 (3)). *he address section of the si operation ordinarily selects 
a particular in-out unit and its mode of operation. (See Sections IH and IV ) 

(3) Example 

The instruction ca x has the effect of clearing AC (making all the digits 
sero) and then copying into AC the word that is in the register whose address is 
x. If q is a word in some register, the operation needed to copy q in AC is not 
ca q but ca x, where x is the address of the register that contains q. Suppose 
q is stored in register lk6l (octal): 

Digit # 0123^5678910111213 1^ 15 




operation 
ca (clear and add) 



address 
lk6l (octal) 
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1.1.5 Representation of numbers 

(l) Single word representations 

When a word is used to represent a number, the first «^* ln ^ ca *?» *J? "*«?. 
and the remaining 15 are numerical digits. Por a po si tive number the -igag" is 
zero, and the 15 numerical digits with a binary point at their left specify the 
magnitude of the number. The negative of a positive number y is represented hy 
££=£« all the digits, inching the sign digit, ^t would represen t y 
(The complement is formed by replacing every zero bv a one and every one hy a zero. ) 
In this way a word can represent any multiple of 2-15 from -1 + 2-15 to 1 - 2rK>. (Num. 
tersT Tor <Tcannot ^represented *y a single word.) Zero has too represen- 
StioEs, e^her 16 zeros or 16 ones, which are called 40 and -0 respectively. 



Digit 



0123^56789 10 111213 1^15 




number .5*331 (octal) 



The octal number above, 0.5*331, could also he represented by the decimal 
fraction +.69*1 or the decimal integer +22,7*5 times 2-±X 

(2) Overflow — increase of range and precision 

With single-word representation, the range is limited ^^» **"2L 
1 % 2-15 and 1 - 2-15 inclusive. Programs must he so planned that arithmetic 
operations will not cause an overflow beyond this range . Overflow will stop the 
computer in an arithmetic check alarm except where special J^ 1 * 10 ^^!* . 
madTto accommodate the overflow (see sa operation). The x*nge may be «?^ed 
fusing Ts^Tfactor, which can be separately stored. Precision can be increased 
by using two words to represent a number. 

(3) Scale factors 

In order that captations can be performed involving numbers outside the 
limited range of -1 + 2-15 to +1 - 2-15 all numbers with which the computer must 
deal are made to fall in this range fcy the application of scale fact °"-. A "^f 
factor is a multiplier, rememhered by the progra-mer, by which a nbrii ~"1- 
plied so that it falls within the computer's range. For example. In order to use 
?he octal number 3^7 in our computations, it must be multiplied^ 2-15 to mate 
the product smaller than +1 - 2-15. Then the number is represented as 3*5°7. * 2-« 
equalling .3*567 In the computer's range with the scale factor of 2-«. 
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Scale factors are customarily chosen to be some power of 2, principally as 
a matter of convenience . During the course of a program, it occasionally becomes 
necessary to change the scale factor of a number. Since WWI operates in the binary 
number system, the simple process of shifting a number to the left or right is 
equivalent to multiplying or dividing by a power of 2. If the number* s seal* factor 
is initially a power of 2, then shifting the number will change the scale factor to 
some other power of 2. 

Algebraic principles demand that two numbers can be added together only if 
their multipliers, or scale factors, are the same; therefore, the quantities 
5 x 2~° and 2x2"^ cannot be directly added. First the scale factors must be 
made equal, for example, by multiplying the second scale factor by 2*2 to make 
it equal to 2~°. In the computer this is accomplished by shifting the quantity 
2 x 2"^ two places to the rigit. making it 2 x 2"°. The resulting quantities 
(5 x 2-6) and (2 x 2"°) can be added. 

In multiplication no adjustment of scale factors is necessary. She result 
of the multiplication is the product of the two original numbers times the product 
of the two original scale factors. For example: (5 x 2-o) x (2 x 2-*) » (5x2) 
x (2" 6 x 2-M » 10 x 2-10. 

Some care must be exercised in the choice of a scale factor. A number in 
WI is represented by fifteen binary digits (or 5 octal digits) to the right of 
the point, roughly equivalent to k decimal digits. It is desirable, if possible, 
to choose the proper scale factor to cause these digit positions to contain sig- 
nificant bits. For example, to compute with the decimal fraction .003512 without 
a scale factor, only the first k digits to the rigat of the point of which 2 digits 
are could be used, a precision of 2 digits. However, multiplying "by a scale 
factor of 2 s , the number becomes .899072 of which the first four digits .8991 can 
be used giving a precision of h decimal digits. 

1.1.6 Computer Procedure 

(1) Sequence of Operations 

After the execution of an instruction, the Program Counter (PC) in the control 
element holds the address of the register from which the next instruction is to be 
taken. Control calls for this instruction and carries out the specified operation. 
If the operation is not sg, cp or cf , the address in the program counter then increases 
by one so that the next instruction is taken from the next consecutive register. 
She s£, eg and cf instructions may permit a change in this sequential procedure . 

(2) Zero 

All sums and differences resulting in ssero are represented as negative aero 
(1.H1 111 111 111 111) except in the two cases: (+0)+(-iO) and (*0)-(-0). She 
sign of a zero resulting from multiplication, division, or shifting is in accordance 
with the usual sign convention. 
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(3) Manipulation of Instructions 

Words representing instructions may be handled in the arithmetic element as 
numbers . 

(k) Procedure in the Arithmetic Element 

The execution of an addition includes the process of adding in carries; this 
process treats all 16 digits as if they were numerical digits, a carry from AC 
being added into AC 15 . (This compensation is necessary because of the method of 
representing negative numbers.) A subtraction is executed by adding the complement. 
Multiplication, division, scale factoring, shifting (but not cycling), and roundoff 
are all executed with positive numbers, complementing being performed before and 
after the process when necessary. For roundoff, the digit in BR is effectively 
added into AC 1$. 

(a) BR 

In the operations si, sr, mh, mr, dv, sf , if the initial content of the AC 
is negative, the AC is complemented before the operation is executed, and if the 
result should be negative (as in the multiplication of a negative and positive 
number) the content of the AC is complemented but the content of the BR is not 
complemented. The net effect is that a number in BR is treated as a positive 
magnitude, the sign of the number being indicated by the sign digit of AC. Therefore, 
if a number is to be recalled from BR for further operations, it is necessary to 
compensate for any change in the sign digit of AC which may have occurred after 
the number was placed in BR. Ho complementing of any sort occurs in the execution 
of the cycle instructions, during which AC and BR may be considered a closed ring 
of 32 digit positions. 

1.2 Hf-OPT SYSTEM 

A flexible system of terminal devices to permit communication between the 
computer and both the human controllers and remote external equipment must include 
many separate input and output units . A centralised selection and control element 
which accomplishes control functions common to many of the terminal units is the 
BMXJT Element. The IOE may be broken up into three major parts: (l) In-Out Switch 
(IOS) which selects external units and their modes of operation; (2) the In-Out 
Register (IOR) which provides buffer storage for data being transferred between 
the computer and external units; and (3) the In-Out Control (IOC). 

If a number of in-out instructions are given in a program, since the in-out 
equipment operates at a much slower speed than the central computer in processing 
these instructions, some means of halting the computer until a previous in-cwt 
instruction has been performed before doing another is required. The Whirlwind 
computer checks a special f lip-f lop in the in-out system, called the interlock, 
whenever an in-out instruction is to be performed. If the interlock is set to 
a 1 at this time, the computer halts; at the end of the first in-out instruction 
the interlock will be cleared and the later in-out instruction can then be performed. 
There exist two ways at present of deciding that an in-out instruction is finished. 
One is to have a pulse (called a completion pulse) return from the selected equipment 
to indicate this fact. The other is to count a delay in the computer sufficiently 
long so that this operation must be completed. The interlock is then cleared at 
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the end of this delay. Such delay counting is done in the In-Out Delay Counter 
(I0DC). For operations which actually require a sequence of events, such as 
recording a word of magnetic tape, the IODC may he used to time these various 
events, and the total delay will be the sum of the individual delays. 

The group of computer operations termed "in-out" operations is composed of 
the operations involved with the transmission of Whirlwind words (instructions 
or numbers) into and out of the central computer (Arithmetic Element, Magnetic 
Core Memory, Control), These operations are si (select in-out equipment), bi 
(block input), rd (read), bo (block output), and re (record). They are used both 
for the auxiliary storage of information by the magnetic drums and tape units and 
for the input of information to, or the output of information from the computer by 
the various pieces of terminal equipment. 

1.2.1 Si Instructions 

The action of the instruction si pqrs is to select a particular in-out unit 
and prepare it to start operation in a specified mode designated by the octal address 
digits pqrs. In general, q designates the class of equipment (for example: q = 1 
selects the magnetic tape equipment), and r and s together designate the number of 
the unit and mode of operation. An si normally precedes one or more of the other 
in-out instructions bi, rd, bo, and re, except in certain special cases involving 
the camera, clock, computer stop orders, etc., where only one si instruction is 
used. 

Any instructions other than in-out instructions may intervene between the 
si and its associated bi, rd, bo, or re, without affecting the in-out process. 
"(However, physical motion of the selected equipment may continue which could result 
in a program alarm, etc.) Following an si instruction which specifies a read mode, 
the computer must not execute another si until the process initiated t*y the earlier 
si has ended. Since this is not insured by the computer hardware, it is necessary 
to program at least one rd or bi instruction after every si which selects a read 
mode. 

1.2.2 Assigned si Addresses 

All the si addresses which have been assigned functions are listed under the 
equipment to which they apply. A complete list of assigned si addresses is given 
in Ofeble No. 5 at the end of this memorandum. Ohassigned si addresses may not be 
used indiscriminately. Certain unassigned addresses are "illegal", that is, they 
may cause an in-out unit to operate in an unpredictable fashion. Other unassigned 
addresses are reserved for possible use at a later date. 

1.2.3 Stop Instructions 

The si operation is also used to provide a "stop", either to stop the computer 
or to stop any in-out unit which does not stop automatically (that is, a magnetic 
tape unit or the photoelectric reader). Si will stop the computer. Si 1 will 
stop the computer only if the "STOP CH si"T switch is Oil. Si (any assigned address) 
will stop any other free running in-out unit which may be in motion, without stopping 
the computer; however, if no in-out unit need be selected by this si stop instruction, 
the unique designation si 630 (octal) or si kOS (decimal) should be used, both for 
program clarity and for safety of operation. 
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1.2A rd and re Instructions 

After an si instruction has been given which selects a unit to operate in 
the read mode, The next available word from this piece of in-out equipment is 
transferred from this equipment into the IOR (In-Out Register) before the action 
of the si instruction is regarded as complete. The following rd (or bi) instruction 
completes the transfer of information by bringing the word from the IOR into the 
Accumulator by way of the A-Register. When an si for recording on a certain piece 
of in-out equipment is given, the word is not transferred from the central computer 
until the following re instruction is given. When this re is given, the word is 
transferred from the central computer to the selected in-out equipment, by way of 
the IOR. The address section of the rd instruction is not used at present, and the 
address section of the re instruction is used only with the vector and character 
generators . 

1.2.5 Block Transfer Instructions 

Blocks of words can be transferred from the high-speed memory of the central 
computer to certain pieces of in-out equipment, and vice versa, by. means of the 
block transfer orders bi and bo. The bi order is used to transfer a block of words 
from certain pieces of in-out equipment into a selected position of the high-speed 
memory, while the bo order is used to transfer a group of words from a selected 
position in the high-speed memory to a certain position in the in-out equipment, 
or to record a block of characters on certain output units. 

1.2.6 Use of AC to Specify In-Out Operation 

The in-out sequences for specific in-out units are given in Sections III and IV 
of this memorandum. It will be obvious that, in certain cases, proper execution 
of the in-out instructions requires specific contents in AC at the time of the in- 
out instruction. Since the required AC content may be derived in different ways, 
instructions for inserting the necessary information into AC are not included in 
the sequences. 
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SECTION II 

WHIRLWIND I OPERATION CODE 



The Whirlwind I Operation Code has been rewritten to bring it up to date and 
to incorporate all notes, wherever possible, with the specific operations to 
which they apply, regardless of the undue repetition. Included under each opera- 
tion are the average time of execution, the function, the contents (if altered) 
of AC, BR, AR, IOR, SAM (Special Add Memory), and the register whose address is 
x after the operation, and possible alarms. 

2.1 Abbreviations 

AC « Accumulator 

AR * A-Register 

m « B-Register 

SAM ■ Special Add Memory 

PC « Program Counter 

tSX ■ Fractional part of quantity in 

i/l m Integral part of quantity in 

IOR ■ In-Out Register 

MCM « Magnetic Core Memory 

x ■ Address of a storage register 

n ■ A positive integer 

C ■ Original contents of register ( ) 

2.2 Contents of Various Registers 

The contents of AC, BR, AR, IOR, SAM, and the register whose address is x 
are undisturbed unless the contrary is stated. 

2.3 Execution Times 

The times given are the times for the execution of single instructions which 
are stored in MCM and which refer to addresses in MCM. 

2.fc In-Out Operations 

Operations which call for the transmission of information to vAtrm 
various units of terminal equipsent (termed "in-out operations ) are described 
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briefly in the Operation Code. Details of the actual application of these 
operations (si, bi, rd, to and re ) appear in Sections III and IV of this 
memorandum. 

2.5 Three -letter Operations 

The three-letter operations slh, sir, srh, srr, clc and clh utilize part of 
the address section of the instruction"Tnamely, cEgit bj to specifythe opera- 
tion. If an address is inserted in one of these instructions by a ta or td 
operation, care must be taken to maintain the presence or absence of digit 6 in 
the address of the modified instruction. The two-letter designations si, sr, cl, 
are ambiguous and cannot be used in programs, but they may be used in general 
descriptions and comments* 

2.6 Instruction Summary 

A single -sheet summary of all Whirlwind I instructions is attached at the 
end of this memorandum. 
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2.7 Instructions 

Octal Decimal 
Opera- Binary Equiva- Equiva- Opera- 
tion Function Code lent lent Time tion 

si par select in-out 00000 0.00 30 microsec si 

unit/stop 

Stop any in-out unit that may be running. Select a particular in-out 
unit and start it operating in a specified mode, designated by the digits 
p a r; or, stop the computer. Si will stop the computer; si 1 will 
stop~the computer only if the "Conditional Stop" switch is ON. A program 
alarm may occur if the computer is not ready to receive information trans- 
mitted to it from the selected in-out unit (e.g., the use of an si address 
if si selects Magnetic "Tape, or PETR without the necessary rd instruction 
following). Also, an inactivity alarm may result when using an re or bo 
with an si instruction which selects the read mode. (For further details, 
see Section V, COMPUTER ALARMS. ) 



illegal 00001 0.6k 1 illegal 

instruction instruc- 

tion 

If an attempt is made to use this operation, a check alarm will result. 



bix block transfer 00010 0.10 2 8 millisec avg., bi 
•" " in 16 millisec max. 

for 1st word; 16 
microsec for each 
additional word 

Transfer a block of n words or characters from an in-out unit to MCM, Yjg 1 * 
register x is the initial address of the block in MCM, and + n times 2 
is contained in AC. The computer is stopped while the transfer is taking 
place. After a block transfer, AC contains the address which is one greater 
than the MCM address at which the last word was placed; AR contains the 
initial address of the block in MCM. (For further details, see Sections III 
and IV with reference to particular equipnents. ) 
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Bag 
Function Code lent lent Time 



Octal Decimal 
Binary Equiva- Equiva- Opera- 



Opera- uinary jiquxYo.- xniux»»- -*- 

+ V^ -c. a.* n~*« iath- lpnt Time tion 



^ x read 00011 O.lU 3 15 microsec rd 

Transfer word from ICR to AC, then clear ICR. (Wait, if necessary, for 
information to arrive in ICR from an in-out unit. ) Contents of AR are 
identical to contents of AC. The address section of the instruction has 
no significance. (For further details, see Sections III and IV. ) 



box block transfer 00100 0.20 k 8 millisec avg., ho 

— out 16 millisec max. 

for 1st wordj 16 
microsec for each 
additional word 

Transfer block of n words from MCM to an in-out unit where x is the initial 
address of the block in MCM, and + n times 2-15 is contained in AC. The 
computer is stopped while the transfer is taking P^ 6 '^^ 1 ^^, 
transfer, AC contains the address which is one greater than the MCM address 
from which the last word was taken and stored; AR contains the initial ad- 
dress of the block in MCM. (For further details, see Sections III and IV. ) 



re x record 00101 0.2* 5 22 microsec re 

Transfer contents of AC via ICR to an in-out unit. ICR is cleared only 
after an re used as a display instruction. The address section of the 
instruction has no significance except when used with the character gener- 
ator. (For further details, see Sections III and IV. ) 



sd x 



sum digits 00110 0. 30 6 22 microsec ed 



The sum of the original contents of digit i of AC and original contents 
of digit i of register x becomes stored in digit i of AC. The final 
value of digit i of AC is if the values of digit i of AC and of regis- 
ter x are alike! the final value of digit i of AC is 1 if the values of 
digit i of AC and of register x are different. 
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Opera- 
tion 



Function 



Octal Decimal 
Binary Equiva- Equiva- 
Code lent lent 



Time 



P&ge 16 



Opera- 
tion 



cfpqr change fields 00111 0.3* 7 15 microsec 

The address section does not refer to a register of storage in this in- 
struction, but supplies information to the computer requesting a change 
8 in^s'Grou P A*and/or B. When the f ielA to becbangsc L contains the 
program, it is necessary for the cf instruction to perform like an sp 
Lsiruction. Digit 7 of the cf address section causes the contents of 
the accumulator to he read to the program counter (PC) P^or to thefield 
change; thus, program continuity can he preserved during field changes. 
TheA-Register will contain the original PC address plus one upon comple- 
te* of STS instruction. The digit allocation for the cf word is as 
follows: 



cf 



digits - * 
digit 5 
digit 6 



digit 7 



digit 8 



digit 9 



digits 10 
digits 13 



- 12 



- 15 



00111 cf order, 
spare. 

examine feature - causes contents of core 
memory Group A control and Broup B control 
registers to he read into the Accumulator. 

sp enable - reads content of AC to PC to 
establish starting point of program in the 
new field. 

change Group A fieU enable, (if, when the 
examine feature of digit 6 is requested, 
there is a "1" in digit 8, the content of 
Group A control will be changed before read- 
out to the A-Register takes place.) 

change Group B field enable. (If, when the 
cf examination feature is requested, there 
is a "1" in digit 9, the content of Group B 
control will be changed before read-out to 
the A-Register takes place. ) 

contain field designation for Group A 
(registers HO - 1777). 

contain field designation for Group B 
(registers 2000 - 3777). 
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Octal Decimal 

Orjera- Binary Equiva- Equiva- Opera- 

- Function Code lent lent Time tion 



tion 



tex transfer to 01000 O.fc) 8 22 microsec ts 

storage 

Transfer contents of AC to register x. The original contents of register 
x are destroyed. 



tlx transfer digits 01001 O.kh 9 29 microsec td 

Transfer last 11 digits of AC to last 11 digit positions of register x. 
The original contents of the last 11 digit positions of register x are 
destroyed. 



tax transfer address 01010 0.50 10 29 microsec ta 

Transfer last 11 digits of AR to last 11 digit positions of register x. 
The original contents of the last 11 digit positions of register x are 
destroyed. The ta operation is normally executed after an sp or cp 
instruction in connection with sub-programming; less frequently after ao, 
sf or other operations. 



ck X check 01011 0.$k H 22 microsec ck 

Operates in two modes depending upon position of console switch (at T.C. ) 
labelled "Program Check Alarm on Special Mode." The NCRMAL MCDE is 
selected if the switch is off or down. Normal Mode compares contents of 
AC with contents of register x. If contents of AC are identical to con- 
tents of register x, proceed to next instruction; otherwise, stop the com- 
puter and give a "check register alarm." (Bote: +0 is not Identical to 
-0. ) SPECIAL MCDE is chosen if switch is on. Special Mode operates in 
same way as above if the numbers being checked agree. If there is dis- 
agreement, no check alarm will occur but the program counter (PC) will be 
indexed by one, causing"the next instruction to be skipped. 
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Octal Decimal 
Ouera- Binary Equiva- Equiva- Opera- 
tion Function Code lent lent Time tion 

ab x add m 01100 0.60 12 29 microsec ab 

Add the contents of the B-Register to the contents of register x and store 
the result in the AC and register x. Ofce contents of register x appear in 
AK. SAM is cleared. Overflow nay occur giving an arithmetic check alarm 
if |c(x) + C(aO I > 1. (dm x or clh 16 puts C(AC) into BR. ) 



ex x 



exchange 01101 0.6k 13 29 microsec ex 



Exchange contents of AC with contents of register x. (^e^*^ te £* 
of AC in register x; original contents of register x in AC and AR. ; KO 
will clear AC without clearing BR. 



cp x conditional program 01110 0.70 



1* 15 microsec ££ 



If number in AC is negative, proceed as in sp. If number in AC is posi- 
tive, proceed to next instruction, clear the AR and plaee in the last 11 
digit positions of the AR the address of this next instruction. 



8£ x sub-program 011H 0.7* 15 15 microsec sp 

(transfer control) 

Take next instruction from register x. If the s£ instruction was at 
address y, clear the AR and store y + 1 in the last 11 digit positions 
of AR. x becomes the contents of the PC. 



ca x clear and add 10000 1.00 16 22 microsec ea 

""" -15 

Clear AC and BR, then obtain contents of SAM (+1, 0, or -1) times 2 
and add contents of register x, storing result in AC. The contents of 
register x appear in AR. SAM is cleared. Ojerflow may occur giving an 
arithmetic check alarm if |C(x) + C(SAM) 2 | - 1. 
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Opera- 
tion 



Function 



Octal Decimal 
Binary Equiva- Equiva- 
Code lent lent 



Tine 
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Opera- 
tion 



cs x 



clear and 
subtract 



10001 1.0* 



IT 



22 microsec 



cs 



,-15 



Clear AC and BR, then obtain contents of SAM (+1, or -l) times 2 and 
subtract contents of register x, storing result in AC. The contents of 
register x appear in AR. SAM is cleared. Overflow nay occur giving an 
arithmetic check alarm if |-C(x) + C(SAM) 2" j -> - 1. 



ad x 



add 



10010 



1.10 



18 



22 microsec 



Add the contents of register x to contents of AC, storing result in AC. 
The contents of register x appear in AR. SAM is cleared. Overflew may 
occur giving an arithmetic check alarm if |C(AC) + C(x) | > 1. 



ad 



su X 



subtract 



10011 



1.1* 



19 



22 microsec 



su 



Subtract contents of register x from contents of AC, storing result in AC, 
The contents of register x appear in AR. SAM is cleared. Overflow may 
occur giving an arithmetic check alarm if JC(AC) - C(xJ j > 1. 



cm x clear and add 
magnitude 



10100 1.20 



20 22 microsec 



cm 



Clear AC and BR, then obtain contents of SAM (+1, 0, -l) times 2^ and 
add magnitude of contents of register x, storing result in AC. The mag- 
nitude of the contents of register x appears in AR. SAM is cleared. 
Overflow may occur giving an aritlmetie check alarm if 
|c(x) + C(SAM) 2- I 5 « 1. 



2M-0277 



Opera- 
tion 



Function 



Octal Decimal 
Binary Equiva- Equiva- 
Code lent lent 



Time 
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Opera- 
tion 



sa x 



special add 



10101 



1.2^ 



21 



26 microsec 



Aid contents of register x to contents of AC, storing fractional result 
in AC and retaining in SAM any overflow (including sign) for use with 
next ca, cs or cm instruction. Between sa and the next ca, cs or cm 
instruction for~which the sa is a preparation, the use of any instruc- 
tion which clears SAM wilTresult in the loss of the overflow with no 
other effect on the normal function of the intervening operation. The 
following operations clear SAM without using its contents: J*j ™* **J 
ao, dm. mr, mh, dv, si, sr and sf . Ca, cs or cm clear SAM after. 
uiWitFcontente. "If the overflow resulting from the sa is to he dis- 
regarded, care must he taken to destroy it before the next ca, « orja 
instruction. The contents of register x appear in AR. SAM is cTeared 
before, "but not after, the addition is performed. 



sa 



ao x 



add one 



10110 1. 30 



22 29 microsec 



,-15 



Add the number 1 times 2""** to contents of register x, storing the result 
in AC and in register x. The original contents of register x •££?*£ 
AE. SAM is cleared. Overflow may occur giving an arithmetic check alarm 
if C(x) + (1 x 2-15) * 1. 



ao 



10111 1. & 



22 microsec 



am x difference of 10111 1.3* 2 3 

"■"" magnitudes 

Subtract the magnitude of contents of register x from the magnitude of 
contents of AC, leaving result in AC. 9» magn itude of con tents of 
register x appears in AR. SAM is cleared. HI will contain the initial 
contents of the AC. If C(AC) - |c(x)l , the result is -0. 



dm 



11000 l.fcO 



2k 



3^-fcl microsec 



mr x multiply and 

roundoff 

Multiply contents of AC by contents of register x. Roundoff result from HR 
te 15 significant binary digits and store it in AC. If BR 0) « 1, roundoff 
ia 2' 1 *; if BR(0) - 0, roundoff is 0. Clear ffi. Tbe magnitude of contents 
of register x apiears in AR. SAM is cleared. Sign of AC is determined by 
sim of product. The minimum time of # microseconds occurs if there are 
all O's in |AC I ; the maximum time of kl microseconds occurs when there 
are all l f ■ in |AC 1 . Ofce average time is 37.5 microseconds. 



mr 
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tion 
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Function 



Octal Decimal 
Binary Equiva- Equiva- 
Code lent lent 



Time 



3^-*»l microsec 



mhx multiply and hold 11001 1.W- 25 

Multiply contents of AC by contents of register *• »^ ** f^L 1 ™" 
duct InAC and in the first 15 digit positions of m, the }«*«£* 
position of BR being cleared. The magnitude of contents f »«^* x 
a^ears in AR. SAM is cleared. The sign of AC is determined by siga of 
prrfuct. Result in (AC + St) is a double register product. The time is 
determined the same as for mr. 



Opera- 
tion 



mh 



dv x 



diTide 



11010 



1.50 



26 



71 microsec 



Divide contents of AC by contents of register x leaving l6 U**M**** 
of the quotient in BE and 40 in AC according to tbe sign of the ^ient. 
^instruction sir 15 following the dv operation will roundoff the quo- 
SenftoT5 Mnaff digits an^re it"in AC. 1st u and v be the numbers 
in AC and register x, respectively, when the instruction dv x is performed, 
in Af •-< | 6 y | , the correct quotient is obtained and no overflow can 
arise. If n I > [ ▼ I , the quotient exceeds unity and a divide-error 
Sam wiS Lull. If V- t V 0, the dv instruction leaves 16 "ones" in 
ml roundoff in a subsequent sir 15 wilT cause overflow and *^« «***• 
aettcWrflow check alarm. BTu = v * 0, a zero quotient of the appro- 
ve WTi! obtained. The magnitude of contents of register x appears 
in AR. SAM is cleared. 



dv 



sir n shift left 

"— "— and roundoff 



11011-0 1.5^ 



27 



15 + .8n 
microsec 



sir 



Shift fractional contents of AC (except sign digit) and ^BR to **?*?> n 
Places The positive integer n is treated modulo 32; digits shifted 
le£ out oTaTi are lost. (Shifting left n places is "ft^ *^ T 
tiplying by 2°, with the result reduced modulo 1. ) Roundoff the result to 
15 bSa^ digits and store it in AC. Clear HI. Negative numbers are com- 
plemented before the shift and after the roundoff; hence, ones a^ear + in 
the digit places made vacant by the shift of a negative number. Digit 6 
(the 29% 512 digit of the address) of the instruction sir n must tea zero 
tTdistinguish sir n from slh n described below. The instruction s£0 
simply causes roundoff and-cTears Ht. SAM is cleared. Roundoff Vp may 
cause overflow with a consequent arithmetic check alarm ir 
|F {fc(AC + BR)2^ + f | - 1- The execution time varies according to 
the size of n. 
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Octal Decimal 
Onera- Binary Equiva- Equiva- Opera- 
Function Code lent lent Time ticn 



tion 



slh n 



shift left 11011-1 1.5^ 27 15 + -8n 8lh 

and hoM microsec 



Shift contents of AC (except sign digit) and Ht to the left n ^««- 
The positive integer n is treated modulo 32; digits shifted left out of 
AC 1 are lost. (Shifting left n places is equivalent to multiplying ^hy 
2* with the result reduced modulo 1. ) leave final product in AC and m. 
Do not roundoff or clear BR. Negative numbers are complemented in AC be - 
fore and after the shift; hence, ones appear in the digit P^es made 
vacant by the shift of a negative number. Digit 6 (the 2? - 512 digit of 
the address) of the instruction slh n must he a one to distinguish slh n 
from sir n described above. SAM is cleared. The execution time depends 
upon the size of the n. 



srr n shift right 11100-0 1.60 28 15 + -8n srr 
and roundoff microsec 

Shift contents of AC (except sign digit) and m to *^£ff *J*^*' - 
The positive integer n is treated modulo 32; digits shifted right out of 
BR 15 are lost. (Shifting right n places is equivalent to multiplying 
by 2" n o ) Roundoff the result to 15 binary digits and store it in AC. 
Clear BR. Hegative numbers are complemented before shift and after the 
roundoff; hence, ones appear in the digit places made vacant by the shift 
ofTnegative number. Digit 6 (the 2? = 512 digit of the address) of the 
instruction srr n must be a zero to distinguish srr n f Torn srh n des- 
cribed beloWT~The instruction srr simply causes roundoff and clears m. 
SAM is cleared. Roundoff (in an srr 0) may cause overflow with a conse- 
quent aritbnetic check alarm. The time depends upon the size of the 
integer n. 



srh n shift right 11100-1 1.60 28 15 + •&* ££* 
and hold microsec 

Shift contents of AC (except sign digit) and BR to the right n Pj**?- 
The positive integer n is treated modulo 32; digits shifted right out of 
Hi 15 are lost. (Shifting right n places is equivalent to multiplying by 
2- n . ) Do not roundoff the result or clear BR. Result is stored in AC and 
m. negative numbers are complemented in AC W^^J^^ 
hence, ones appear in the digit places made vacant by the shift of a nega- 
tive number. Digit 6 (the 2* « 512 digit of the address) of the instruc- 
tion srh n must be a one to distinguish srh n from srr n described above. 
SAM iiTcieared. The time depends upon the size of the integer n. 
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Binary Equiva- Equiva- _ °?t™' 

tion 



ctr*>TtL- Binary squiva- «iuj.v»- - 

^ Function 1« n t lent Time tipn 



sf x scale factor 11101 1.64 29 30-78 microsec ff 

Multiply the contents of AC ax* BS by 2 often enough to ^** *2£a" 
magnitude of the product equal to or greater than 1/2. teave the final 
OToduet in AC and BR. Store the number of multiplications in AR and in 
Sst U Sgit places of register x, the first 5 digits »%£****«£ 
in register x. If all the digits in BR are zero and AC <«*■«•+?' * te 
instruction sf x leaves AC and H? undisturbed and stores the number 33 
Ses 2-15 iS-AR ud in the last 11 digit positions <* »*£"• *f" 
tive numbers are complemented in AC before and after the multiplication 

■SftT SAMis cleared. The time varies according to the number of O's 
££een Se bLary point and first 1 in magnitude «^£«£££Za» 
Presented by the number in AC and BR. The minimum time of 30 microseconds 
Scu^hen AC + BR | > l/2; the maximum time of 78 microseconds occurs 
when |AC + BR | « 0. 



clen cycle left eM 11110-0 1.70 30 15 + > ^ 
clear (BS) microsec 

Shift the full contents of AC (eluding sign Uglt) «J BR to *£!««* 
places. The positive integer n Is treated modulo 32; digits shifted Imft 
out of AC are carried around into BR 15 so that no digits are lost, *o 
runoff? Clear BR. «tb the clc operation there is no c^pl^entimg of 
Ireither before or after the shift} the actual numerical digits In AC and 
m Cycled S fte left. The digit finally shifted into the sign digit 
Ssi^oXemLes whether the result is to be considered a Positive or 
Sire ^entity. Digit 6 (the 2$ . 512 digit of *5»^"> £**j a " 
Ktion'ele n iust be a zero to distinguish cje n frc- eg ^ d esc ribed^ 
below. ThTTiistruction elc simply clears BR without affecting AC. The 
execution time depends on the size of the integer n. 



C lh n cycle left 11110-1 1-70 30 15 + •& 23£ 

— ind hold microsec 

Shift the full contents of AC (inciting sign digit) and Hi to the left n 
^s. The integer n is treated modulo 32; digits ***"»«* gt 
ICO are carried around Into BR 15 so that no digits are lost. With the 
£h option there is no complementing of AC either «**«?«£,?* 
sbXftfthe actual numerical digits in AC and BR are W« to *""' 
tesult is kept in AC and Ht. The digit finally shifted into the sign 
al£t position deteimines whether the resulfi. to re considered a posi- 
«ve ofLgative quantity. Digit 6 (the 2* - 512 digit **••"«!•>_ of 
the instruction clh n must be a one to distinguish e£ n tamcto n des- 
cribed above. ThTlnstruetion clh does nothing. The execution time 
depends on the size of the integer n. 
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Opera- 
tion 


Function 


Binary 
Code 


Octal 
Equiva- 
lent 


v3ClSBftl 

Equiva- 
lent 


Time 


Opera- 
tion 


ad z 


multiply digits 
with no 
roundoff (p) 


nm 


l.T^ 


31 


22 mlcrosee 


md 



The product of the i^ digit of the AC multiplied **y the i— digit of 
register x becomes stored in the ii£ digit of the AC. The final value 
of the i*£ digit of the AC is 1 if the initial value of the iH digits 
of the AC and register x are both lj otherwise, the final value of the 
ii£ digit of the AC is 0. AR contains the complement of the final con- 
tents of the AC. 
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SECTION III 
MAJOR IN-OUT UNITS 



3.1 MAGNETIC DRUMS 

There are two magnetic arums used for storage purposes in WWI - the aux- 
iliary drum and the buffer drum. The auxiliary magnetic drum provides 24,576 
(d) registers of "intermediate speed storage," and the buffer magnetic drum 
provides 20,480 (d) registers of auxiliary and of buffer storage, where each 
register in both drums can store a l6-digit binary word (with the exception of 
the 8192 register buffer section of the buffer drum where only 14 digits can 
be stored). A word can be transferred to or read from any drum register. 

The registers in each drum are divided into groups of 2048 (d) or UO00 (0) 
resulting in 12 auxiliary drum groups consecutively numbered from to 11, and 
in 10 buffer drum groups numbered A , 0^ 1 A > I* and 2 through 7. (See Sections 
3.1.2 and 3.1.3 for restrictions in the use of drum groups.) 

3.1.1 Programming for the Magnetic Drums 

(1) Register Numbering 

A drum address is specified by a l6-digit binary word - digit i^i^a^ 
vhich drum is being addressed (0 for auxiliary drum, 1 for buffer drum), digits 
1 - k specify the group number, and digits 5 - 15 speci fy the jto rageadaress. 
Within any register group, the storage addresses are treated modulo 204S. For 
example, in one register group a block transfer starting at address 2047 will 
deal in turn with registers 2047, 0, 1, 2, etc. 

(2) Access Time 

To gain access to a specific register on the drum takes, on the average, 
8 milliseconds, equal to the time for one-half revolution of the drum. An 
additional 64 microseconds delay occurs on si instructions for reading from 
the drum. 

(3) Register Selection 

The drum address to be selected is determined by the si instruction and 
by any necessary portions of the contents of AC at the time the si is executed. 
The si instruction may call for a new group number, a new initial storage 
addrels, neither, or both. When a new group number is needed, it is taken 
from digits 1 - h of AC. When a new initial storage address is needed, it is 
taken from digits 5 - 15 of AC. Either the ,group selected on the drum can re- 
main selected until an si instruction specifically calls for a change of group 
or, by adding 1000 to the original auxiliary drum si J a block transfer is per- 
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^-p-p +>,» pnd of one drum group to the Deginning of the neri drum 
mitted to run off the end or one arum gro ±. -neater than the storage 
group. The next storage addre selected ^ ^^uSST^eclllo^l, calls 
address -^^^Sdresl ^o prov^dTf or all the cases aDove, there 
S iS £X wayTf ofsT^ instruction to specify a register: 

(a) Select no new group or initial address 

(b) Select nev initial storage address only 

(c) Select new group only 

(d) Select both nev group and nev initial storage address 

(e) Select no nev group or initial address and be able to 
continue on to the next consecutive groups 

(f) Select nev initial storage address and be able to 
continue on to the next consecutive groups 

(g) Select nev group and be able to continue on to the next 
consecutive groups 

M Select Doth new group and new initial storage address 
( } and £ *U« to contSue on to the nest consecutive groups 

la addition to the aDove, the si instruction also selects either reading or 
recording vith no addition. 

(k) Recording on Magneti c Drums_ 

(a) Recording P ^fi»g Words 

Prograimidng for recording on the auxiliary drum is as follovs: 



si a 



re— 



selects the specified drum and the record mode. £ J^Si 
instruction calls for a new group mmDer, it is "lecteoin 
accordance with the contents of digits 1 - * of AC andtte 
group change delay, if any, is %*%J^Ji£££ 
a nev initial storage address > it is sexecrea. xu *. 
vith the contents of digits 5 - 15 of AC. 

each re. 
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(h) Recording by Block-Transfer Ins truction 

A to instruction may be substituted for a series of re instructions. The 
address of the bo must be the initial address of the block to be taken from 
MO* toa^etic co7e memory), and ±n> the number of words to be recorded, must 
£f slotfd (times 2-^) in AC. The block transfer will require an average of 
oMXsecU and a iaximum of 16 milliseconds for the first ™* *£j£ 
corded, and l£ microseconds for each additional vord. If the block transfer 
SvSves^oth registers a*T and of the same drum group, in that "^ence, 
an additional 16 milliseconds is required to complete the transfer. Any 
Sequence Trc and bo instructions may follow a single si for the record mode. 

(5) Reading from Magnetic Drums 

(a) Reading from the Drums 

Programming for reading from the auxiliary drum is as follows: 

si b selects the specified drum and the read mode. If the si 
— instruction cans for a new group number, it is selected in 

accordance with the contents of digits 1 - k of AC. If the si 
calls for a new initial storage address, it is selected in 
accordance with digits 5 - 15 of AC. Reads into ICR the word 
from the chosen drum address. The tfcne required to obtain the 
word is an average of 8 milliseconds and a maximum of 16 milli- 
seconds (plus any drum group change delay if a g^^V** 
necessary). One, and only one, rd instruction should intervene 
between this and the next si instruction. 

rd— transfers the word in IOR to AC, then clears IOR. 

(b) Reading by Block-Tran sfer Instruction 

A bi instruction may be substituted for a series of £d J"*™*^' J* 
address of the bi must be the initial address of the block of register sinMM 
t^Mch the wofls will be transferred, and ±n, the number of words to be read, 
list te \ZeT&^2^) in AC. The block transfer ^J™^™^ 
of 8 milliseconds and a maximum of 16 milliseconds fo ^/^^^ e ^ 
read, and l6 microseconds for each additional word. If ^ 1 ^. tl ^f™' 
E™i™ both registers 20Vf and of the same drum group, in that sequence, 
iTSSlSS Kmsec^l is required to complete the transfer. <*ly one 
bi instruction should follow an si instruction. 

(c) Zero-Length Block Transfers on bi and bo 

The use of a bi instruction calling for a block transfer, zero words in 
lengthf wS! results the indicated word being read but not transferred into 
ic The reading of the word actually is initiated by the preceding s| 
^ti^ce^ne wo^s already -ad*- «- ££ ^ - 

M1S1- B^^ca^L^eng^blocktr^fers on bo will always 
be performed correctly; i.e., no recording will take plAce. 
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3.1.2 Restrictions on the use of the Auxiliary Dm 

J? *SS SSI? o^^iS^^edlTs^L^^se pushi£ S the 
the auxiliary drum is orainarixy «"* "blocked out to drum 

Xm ^0 ^oSSlS'lSSSi^-K ^e.^ce dxum group 11 
£TS ^ulaTproSam (Se "Dm Input Program"), permanently storedon it, 
& ^SSSS^SS'ii norma!* disabled -^ £*%£%£? 
ordinary circumstances cannot use drum group 11 and can use arum group u 
SS^«s use by the input program does not invalidate his use of it. 

3.1.3 Restrictions on the use o? the Buffer Drum 

(l) Drum Groups 2-7 

Of the ten drum groups of the buffer drum, -*£** * ^«— g 
available to the programmer for m*W 6ec S are also used to hold some 

programs be rewritten on the buffer drum vnen ^ney auxiliary 

g^fi^STS ^tf ca^y^tluTficie^for the program's 
needs* 

(2) Drum Groups and 1 

(a) The physical structure of drum groups and 1, the buffer 

each group is f^£ "livided into ^ B ' ^ is ^ privily for 
Slnput/i^is S^—iSS^S ** present initial dxum addresses 
for reading the various slots are as follovs: 

Slot Drum Address Slot Drum Address 

0.00000 io 0.0U000 

1 0.01000 ii o- ? 000 

2 0.02000 12 O.OSOOO 

3 0.03000 13 0.O7000 

k 0.00001 i* o- 011001 

5 o.oiooi 15 0-05001 

6 0.02001 16 0.06001 

7 0.03001 17 0.07001 
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(b) Drum Interlace 

The interlace of ^^^^^J^^^JSSS ££«' 
SS^T^ So^^l-'lTtS^Met^ is only a vord ever, 
6^ microseconds. 

(c) Switching Fields 

^ -«^ i /n-p +h*» buffer drum "because of their connection to the 
special Sut JSLS^^S unique feature of &**£««>>* 
offoS Soups called A , Ob, 1 a , and 1 B . These groups must be paired 

-=^ Vpafr^c^ted ^ter^ut^ rlc^^tiou, 
£ other pair's'SnLcLa^o the computer reading or recording information. 
After toe date in one pair of the drums is processed by the Wtarj» 
fthod of being able tftransfer to the data coming in from the external 
etSment is nf cessary so that this nev data can also he ^ssed. This 
cycl?Sl selection of first one pair of the groups, then the other, etc., is 
Zte Possible hy the use of the "switch fields" instruction si 73*. 

(d) Additional Restrictions 
The auxiliary drum and the auxiliary storage section of the buff er drum 

w«rm»l use of these buffer groups involves reading into the computer from 
Honnal use of these Durr^gr connection vith special output equipments 
external data sources. no¥e7CI ' A " ww .. , _ ^ „-_jv la + rt -r^rwrd on 

(see Section IV), or for checking Purposes, it is also f»»"^£££ t £ d 
ihese buffer groups. In recording, *"^ ^J**^ j[ W f oT^nSS 
-fv™ MfM, the sien bit (digit 0) of words in MCM must t>e a one ior cuuwv 
SosS! (i.e'fneUve numbers only may be transferred to these ^oups.) 

3.lA si Addresses 

(1) si Addresses for Auxil iary Drum 
The si addresses referring to the auxiliary drum are as follows: 

(a) Read Mode 
no address specified si 700 (o) or si ^ W 

6 elect nev initial address (angular ei 701 (o) or si U9 (*) 

position) 

select nev group Sk 702 (o) or si k* (d) 

select nev group and address Si 703 (o) or si ^ W 

no address specified vith ability - si 1700 (o) or si 960 (a) 

to read around the end of the group 
to the next groups 
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select new initial address (angular 
position) with ability to read 
around the end of the group to the 
next groups 

select new group with ability to 
read around the end of the group 
to the next groups 

select new group and address with 
ability to read around the end of the 
groups to the next groups 

(b) Record Mode 
no address specified 

select new initial address (angular 
position) 

select new group 

select new group and address 

no address specified with ability 
to record around the end of the 
group to the next groups 

select new initial address 
(angular position) with ability to 
record around the end of the group 
to the next groups 

select new group with ability to 
record around the end of the 
group to the next groups 

select new group and address with 
ability to record around the end 
of the group to the next groups 

(2) si Addresses for Buffer Drum 
(a) Read Mode 

no address specified 

select new initial address (angular 
position) 

select new group 

select new group and addreBS. 
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si 1701 (o) or si 9^1 U) 

si 1702 (o) or si 962 U) 
si 1703 (o) or si 9^3 (d) 



si 10k (o) or si k$2 (d) 
si 705 (o) or si **53 (<*) 

si 706 (o) or si k$k- (d) 
si 707 (o) or si ^55 U) 
si 170^ (o) or si 96k (d) 

si 1705 (o) or si 9^5 (d) 

si 1706 (o) or si 9&> (d) 
si 1707 (o) or si 9^7 (d) 



si 710 (o) or si k^S (d) 
si 711 (o) or si k31 (d) 

si 712 (o) or si k& (d) 
si 713 (o) or si k59 (d) 
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no address specified with ability 
to read from the end of the group 
to the beginning of the next groups 

select nev initial address (angular 
position) with ability to read from 
the end of the group to the next 
groups 

select nev group with ability to 
read from the end of the group to 
the next groups 

select new group and address with 
ability to read from the end of 
the group to the next groups 

(b) Record Mode 
no address specified 

select new initial address (angular 
position) 

select new group 

select new group and address 

no address specified with ability 
to record from the end of the 
drum group to the next drum groups 

select new initial address (angular 
position) with ability to record 
from the _ end of the drum group to 
the next groups 

select new group with the ability 
to record from the end of the drum 
group to the next groups 

select new group and address with 
the ability .to record from the end 
of the drum group to the next groups 

(c) Switch Fields 
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si 1710 (o) or si 968 (d) 

si ITU (o) or si 9^9 U) 

si 1712 (o) or si 970 (d) 
si 1713 (o) or si 971 (d) 



si 71^ (o) or si H60 (d) 
si 715 (o) or si U6l (d) 

si 716 (o) or si k62 (d) 
si 717 (o) or si 1*63 (*) 
si Ulh (o) or si 972 (d) 

si 1715 (o) or si 973 U) 

si 1716 (o) or si 97^ (d) 
si 1717 (o) or si 975 (d) 



si 73^ (o) or si kl6 (d) 
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3.2 MAGNETIC TAPE UMTS 

The five magnetic tape units used with WWI will record and read ^-digit 
binarTwords! Normally these words are recorded in blocks of arbitrary lengths 
fseHvTogrammer). The start of a block is identified by a block mark automa- 
tically ScorSTwhen the si instructions for recording on the tape are given. 
Normaf ru^S s^ed of the'tape is *0 inches per second^ When an^rder affect- 
i™ the state of motion of the tape is given, approximately 5-5 milliseconds are 
^fuirtd btfor^ tht iape motion is affected. Thus a tape unit which is running 
2d ^deselected by some other si instruction will continue to run at normal 
Sed for 1^5.5 millisecoaisrand then will decelerate to a stop in about 
S 5 miuLeconds (iut recorded data passing under the heads *™^LE£Sa 
will not be affected). A tape unit running in a given direct ion «^ ^f^ 
to change direction will continue to move in the original direction for about 5^5 
mmiteclnds, then decelerate until it is moving in the opposite direction at full 
sSrwhich' requires about 1 millisecoM. The tape «**• « ^^£5^*"' 
l!e., once started by an si instruction, they run free until stopped by another 

si instruction. 

Of the five tape units, 0, 1, 2, 3 and h t a maximum, of four may be actually 

connected^ the colter ai any time and ^^l^^^^^l^ "*£ 
terns A, B and C, with one tape unit always available for auxiliary storage, in 
Sd option, unit (which stores compter utility programs) is available 
only for reading and is not available for delayed printout. 

3.2.1 Modes of Operation of the lape Units (Determined by si Instructions) 

(1) Record 

Words are recorded on the tape by proper combinations of si ^ructions for 
recording aoi successive re orders. The si order for recording causes » block 
SrHo le recorded on thrtape. It is not possible to record on the magnetic 
tape by the block transfer instruction bo. 

(2) Bead 

Words are read from the magnetic tape by use of the proper si instructions 
follow^f by L or more rd or hi orders. The si order for reading causes the tap. 
unit to run until a blocE-markTs detected before any words may be read. 

(3) Re -Record 

In the re-recori mode, the tape ur.it starts in the read mode andcontinues to 
read until a block mark is detected; it then switches to the record mode. 

(k) Stop 

IVo methods of stopping the magnetic tape units can be used. B* »«* ™ thod 
is to deselect the unit by giving any si instruction not reding *£*£"<£ 
w,™ (-However if the program does not require a specific ei instruction, tbe 
S. lesSion si 6^o) or si WJ (d) should be used. ) When the unit is de- 
s^iected in^his fashion it ignore! but does not disturb the data over which it 
passes while it is stopping. 
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However, if it is desired to stop the tape in a region of cleared tape, which 

alcatel direction for Ik. S milliseconds, then reverses *^ im '^fLf J^ ** 

II La BM/ , ik3 miVuspeonds later the unit is deselected. Since tne unix 
cord mode, and Ik. 3 millisecond. ***** ^ when n0 ^ order8 

erases tape passing under the head while in the k ora moo, thTpoint at 

are eiven. this combination erases about 0.6 inches or tape Deyona w i*> 

alseScSon 57 the unit occurs. Another method of in suring a chared space after 
a raordeTttock is to program c delay before stopping the unit. 

3.2.2 Assemhly and Disassembly of Words 

A 16-digit word is in actuality recorded as eight pairs of digits on »ag- 
r^Mn tarT the word heing automatically disassemhled hy digit pairs in Jh« KB. 
^TheTaa m^Se original word vlll K. ™™£»*g£*J± u£?i» 

be unscrambled by a special subroutine. 

3.2.3 Lock-in-Read Mode 

^ron^'unit^^ii^onrr panel to t* ^lock^-re^ L position > An 

locked-in-read. 

3.2.H Special Modes of Operation 

i.'ys.s sr.ry5s.--2 ass *K?5ff- 

the results of an attempt to read or record when a unit is in a special mode. 
The entries in this table are related to the following key: 

(1) The status of the unit is not affected. 

(2) The unit moves but there is no information transfer. 

(3) The computer goes on as if the unit were operating properly. 
(10 The computer hangs up and waits for the unit. 
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The program itself may sense as to whether the unit is completely ready (l««r 
on, attaened^o the computer, automatic mode, not in erase ^>^*^*£*? 
by' examining insertion register 3 which is addressed by an si 303 followed by an rd 
instruction. If the unit is ready, the intervention bit will be clear, i.e. , con- 
duction 1^ ready/digit of the insertion register jrill contain a 
it if units 3 or k are not ready, digit 1 of the insertion register will contain a 
1; if unit 1 is not ready, digit 2 of the insertion register will contain a 1. 

3.2.5 Programming for Recording 

selects the tape unit and starts the unit in forward or re- 
verse depending on the address m. ,An interblock space 1^.3 
milliseconds long (less any time required to accelerate the 
tape to normal speed) is generated on the tape, then a block 
mark is automatically recorded (which requires 160 micro- 
seconds). The computer cannot perform another in-out 
instruction until this lfc.5 millisecond period has elapsed. 

records on tape the contents of AC. 2.6 milliseconds must 
elapse before the computer can perform another in-out 
instruction. An re is required for each word to be recorded. 
As many re instructions as necessary may be used before the 
next si instruction. Any number of instructions other than 
in-out instructions may precede each re (however, the tape 
continues to move). 

stops the tape unit in cleared area. About 0.6 inches of 
tape are erased beyond the point at which this order was 
given; the tape stops, if permitted, about 0.2 inches beyond 
the point this order was given, ©lis order requires about 
28.6 milliseconds. 

3.2.6 Programming for Re -Recording 

Re-recording is similar to recording except that the tape unit starts in the 
read mode (which means that a 5-1 millisecond delay is counted in ICDC while the 
unit is starting before the unit starts searching for a block mark); after a block 
mark is detected, the unit switches to the record mode. Ho new block mark is re- 
corded - the original block mark is not erased. 
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The re-record instruction can perform an auxiliary function - that ofal^g 
^.^ +L skiT)T >ins of any number of blocks, in either forward or reverse. Each 
sT nst^rucfiof t^relo^causes the tape unit to search for tl*next block mar, 
Sd to switch to the record mode as soon as the block mark is found. If, for example, 
tfwe^^sir^ to re^ce the nth hlock on the tape, "n-1" consecutive re-record 
S rnSrfctioTcan be^sed. At this point the block -^^^/^^^f 
Save Just been sensed allowing the new data to be recorded. S^. 1 ^ ""^"J 
«T ^Atrnirtion immediately switches to the record mode on the sensing of a block 
irk S S ™fns must be given close enough together to prevent erroneous 
e^sin^ (Siie the record mode erases previously ~<^* ^^^^ 
^sfible interval between the si to re -record and the si to «ttdh out of the 
record mode is dependent on the distribution of data on the tape, but in no case 
will it be less than 5-1 milliseconds. 

3.2.7 Programming for Reading 

(1) Word-by-Word Reading 

si m selects the tape unit and starts the unit in forward or 
"" reverse depending upon the address of m. After a delay 
count of 5.1 milliseconds, the computer reads into IGR 
the first word after the next block mark. The amount of 
time required for this process will depend on the distance 
of the next block mark from the reading heads. This si 
instruction must not be followed t*y another si without at 
least one intervening rd or bi instruction. 

rd-- transfers the contents of IOR to AC then clears IGR in 
""" preparation for receiving the next word from tape. As 
many successive rd instructions will be needed as there 
are words to be read from tape. Assuming that the words 
were recorded at maximum density (one word every 2.6 
milliseconds), a pair of digits will be read to IOR at 
intervals of approximately 326 microseconds. The computer 
must execute an rd instruction often enough to extract a 
word from ICE and"clear IOR before the first pair of digits 
of the next recorded word arrives from the tape unit; otherwise 
a program alarm will result. To stop reading before the end 
of a recorded block has been reached, give an instruction to 
deselect the tape unit within about 2.8 milliseconds after 
the last desired word has been read; otherwise, a program 
alarm may result. Any instructions other than in-out instruc- 
tions may precede each rd. 

8i~ deselects the tape unit. Any si instruction which has been 
- assigned a function will stop toe tape unit, but if the program 

does not require a specific si instruction, use si 630 {o) or 

si ^08 (d). 
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(2) Reading by Block-Transfer Instruction 

A bi instruction may be substituted for a series of rd instructions. The 
.fltattTf^MMt te the initial address of the block of registers in MCM 
Xich the words will be transferred, and in, the number of words to ****> 
-irt S stored (times 2-15) in AC at the time the computer executes the bi. Any 
must be stored ^times <l ' f u the si inst ruction. A program aterm 

^trz^^^^^^^^ «« «^«fj To R digits of the secorai 

wort after the last one read into MCM are transferred into I0R. 

K> word will be transferred from IOE to AC when a hi instruction calling 
for the transfer of a block zero words in length *&**.* P«^Ji' % 
or hifw have resulted in a word heing transferred from th e tape *> MR. If 
?te M calls for the transfer of no words, this word already read is left in 
™ aid a wogram alarm will occur unless another si (which clears IOR), rd or 
hf (for non-^rTleSth block transfer) occurs before the first two digits of 
le ( ^t worn on the*magnetic tape are transferred to IOR (a «£>™«& 
fflicroseconds hetween the si, rd or hi which Precedes th e zero hlock length hi 
and the si, rd, or non-zero hlock length hi which follows it). 

3.2.8 Erase System 

There are four push huttons located in the center control panel of *»* 
negnetio^apr equipc^nt which can destroy all infornation on the ^gnetic tapes 
^units 12 lack. Any unit, except unit 0, may he erased by switching it 
to SSntout hy Pushing its respective erase button, and hy rewinding, going 

ty switching hetween units 3 and k. 

3.2.9 Delayed Output via Maipetlc Tape 
(1) Delayed Output Pnits 

Where printed page or punched paper tape output is desired, computer time 
can bTc^Le^dby^e usetf the delayed output units, the binary characters 
^00^0^ printer or the punch can he recorded ?£**££%£L** U 
units hy the computer, and these tapes later run through the * W^*"*? 1 "" 
mIZ Z*a the characters, select the printer or the punch automatically, and then 

, + !TiJS «£« characters. Flexowriter characters for delayed output can 
£ «cor^T.t ^^2^ second. A 1000-foot «.! of y*"**""- 
Tto* over%0,000 characters which can he recorded in a £^ * 6 J"£f e, > 
and which can he printed in ahout 90 minutes or punched in ahout 63 minutes. 

Tour of the mgnetic tape units - 1, 2, 3, «* * - « /£° ^Z^?^? 
the delayed output equipment. A toggle switch ***** "^ *«!«"". 2 *££* 
unitsTorU to he selected for con<puter output even though the program »»«• 
^it%- Z alSwrunit Stole selected even though the program has ■*!•<** ™« 
Tn t ^be^ct^on of th. units (computer or printout} "^S***^ 
It Switches and buttons located above each unit which connect ^Jf"™",?^ 
So printout systems A, B or C, or to the computer. Similar switches are lasted 
near the delayed printout typewriters . 
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(2) Programming for Delayed Output 

in order to record on magnetic tape a series of '^^^f^^. 
later automatic printing or punching, the following conventions must he ohserved. 

(a.) A full 16-digit word is recorded on magnetic tape to store 
» A M *»™ aiBit TlKowriter character and two control digits. The six binary 
ffitf ^o^X^The^racter to he printed or punched ^ digi positions 

the printer nor the punch remains selected after a character is F"™=» » * 

(h) The separation hetween characters recorded on the ****** 
tape for delayed output should he not less than 7.5 milliseconds Cbet»entta. 

forrectsi instructions, to record for delayed printing. Only if the "»*£«* 
S intervening hetween successive re orders require mora than 7.5 milliseconds 
will any unnecessary magnetic tape "be used. 

(c) It is advisable but not necessary to provide a '^J**"^-^ 
sto* character as tne last character recorded so that the Flsxowriter, and therefore, 
^tS^SE Ell stop after this character is read from the tape. Then the de- 
layed output equipment may operate unattended. 
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3.2.IO si Addresses for Mag netic Tape Units 

(!) si Addresses for Direct Use of Magn etic Tape 



3 or k* 



Stop after record 
in cleared area 
forward 



si Instruction £ - 

*— *— s'gftj g^fc! s*&) i^a 

Be-recorf averse g lg }.j | ™ j-j | >g jjj g *g $ 

«*— Jlgjg g-$ £-{•} S*{S{ 

-4 n/» /«> si 11^ (o) «i 123 (o) si 133 (o) 

»—~»- Swiss SwSi 3 »(«> a »<»> 

rss rsa s*k i*K 
sassr i'sfii rss rsfci a-s 

reverse 

Beeo*^ g *6 jo) g U6 (o) | lg j.j g «6 jo) 

b— «- |^j;j |«jj fgffl g'gfci 

( 2 ) si Addresses for Delayed Pr inting Via Magnetic Tape, 

The si addresses used to obtain the correct spacing between characters 
recorded on the magnetic tape are as follows: 

rt ** l 2 3 or *** 

ii Instruction ° -±- 

scsarasw as a. ts&) ssk 

swaa-sgia a sa ssa as a 

» These «l-«*lrei.e. re^er to whlcWr unit 1. connect xo » °«w~ 
through the transfer switch. 

#* Unit is not available for delayed printoat. 
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3.3 FHOTOBEBCraiC TftPE READER 

Ita rerranti photoelectric tape reader, abbreviated PETR, reads «».£»- 

S^itrS eSpater, ^^^ LS^-— s 
attain its ma**um spe ed. After the H*b« ^^ ^^ ^ ^ the 

t0 J^ f* af?ui? sreei in I or 3 milliseconds. PETS is a free-running unit; 
reader is at full speed in c or » deselected tar an si instruction, 

that is, once selected, it continues to run until deseieccea oy *u _ 

There are two PETR's available in test control -- PETR A and PETK B. Either 
Bay be^Lef iTready condition by pushing its respective button, the Select 
£ade*r Itattof or the Select Reader Button; the other reader^ will ta >** 

,, ,.ii„ „«+-ti its selection button is pisned. rusning xne Dlu *j~ vv ' wu 

SSJ^w'S 3£tS%S?3£ the tape tat will not deselect the ». 

3.3.I Punched Paper Ifepe 

The conventional forms of paper tape are: (1) "f 8 !"**" c ^«** 11 SfLgS 1 
(2) standare. form of a l6-digit wort on punched paper tape toown as the J-5£ 
*«™ In this "5-5-6" form, the hinary digits (numbered through 15) are joy 
stc^ly^istrihuU on the tape as shown in Figure 1, where a hole in a digit 
position indicates that digit is a 1, no hoi* indicates a 0. 



Hole Ho. 


(1) 


(2) 


(3) 
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(5) 
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l 


2 


• 


3 


k 


X 


• 


One Void 


5 


6 


T 


• 


8 


9 


y 


• 




10 


11 


12 


• 

Feed 
Holes 


13 


Ik 


15 


» 



Figure 1 



Position. X aM I are noimally unpmched to aid in visually »*•« * J^^, 
However, they may contain the same information as positions 5 ^"'""gt W 
^£re.-b7-word reading -odes of the in-out system are devised to correctly 
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assemble into a l6-digit word a word punched in 5-5-6 form. Ea ?^ lin % ^ P L re 
vMcfc1n££s information must have the 7th hole ^ tt ^ B ^Lt^^(SSb 
not done, the taps reader could not distinguish a line fJ^^^J^St 
<+ «™«+ 1»*a) tTcm a line of blank tape (which it must ignore). Toe omission 01 
S.^S ££ t£TaUo£\i feature 5 Punched visual Identification n-bers which 
will be ignored by the reader. Holes 1 - 5 of the first line correspond to bits 
O^V^omputer word; holes 1 - 5 of the second line correspond to bits 5 - 9 
of the center word; aM holes 1 - 6 of the third line correspond to Mts 10 - 15 
of the computer word. 

3.3.2 Action of the Photoelectric Reader 

The Ferranti photoelectric tape reader "reads" the 6-digit binary oombiaa- 
tion SeEoT. fine of paper tape a* transmits it to the ri gb *£****£■ t 
nlSefof KB. In the line-by-line mode, each reading operation reads one line 
oftew and forms a word of which the left-hard ten digits are zeros and the 
rigBtSarTsS^igits correspord to the binary combination pinched in the tape- 
In the word-by-word mode, each reading operation reads three lines of *»!»»"• 
assess (by^cessive'.hifts of five to the left in KB) a l6-digit word from 
the digits punched in the tape in 5-5-° form. 

3. 3. 3 Pr ograaming for Line -by-Line Mode 

(l) Reading in the Line-by-Llne Mode 

8l r starts PEEK. Reads the first 6-digit character **- *»»« J**** 

— right-hand six digits of ICB and places zeros in digit Po»«ions 
0-9 of ICB. This si instruction must not be followed by another 
si without at least cSe intervening rd or bi instruction. 

id- waits until next character arrives in IOR and then transfers contents 

- 3 MR to AC and clears ICB in preparation for receiving the next 
characters The contents of digits - 9 of AC will be zeros, and the 
extents of digits 10 - 15 of AC will correspond to the binary ecmbi- 
SaSon reai frS tepe. As many successive ^teuctlcM «»e..- 
wry as there are lines of tape to be read. If there are no inter- 
vSng lines of blank tape, a 6^ligit character will arrive at XCR 
every k. 5 to 5.0 milliseconds. The computer must execute an rd in- 
action often enough to extract a word from ICB and el-rl«*- 
?orTthe next character arrives ttm the reader, ot ter wi« • Proga* 
alarm will result. Cm the average this means that an rd ^ruction 
must be executed oftener than once e ^ *;5»"^<^« °£ J* 
allow a safety margin, no more than about 120-130 orders between 
eacTrt.^ instructions other than in-out inatructions -ay pre- 
cede each rd. 

Bl .. stops the reader. If PEER is deselected soon enough »^ r » f^ 1 " 
— cular line is read, it can decelerate to a stop and still pick up the 

£5 line on the piper tape when the programmer again gives an si for 
reading from RETR. The maximum safe time between ^4 * n8 *™"°" 
wnHrreads the last desired line before the stop, and the Si*"*"* 
tion which deselects PEER, is about 2 milliseconds which insures 
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that the next line on the tape will not he skipped vhen PETO is used 
again. Any si instruction which has heen assigned a function other 
than selecting the reader vill deselect and stop the reader, but if 
the program does not require a specific si instruction, use the con- 
ventional designation si 6 30 (octal) or si kOS (decimal). 

(2) Normal Line -by-Line Read 

In the normal line-by-line reading operation, one line of information is read 
in on each in-out operation. The unit comes to a stop after each read. 

(3) Reading Line-by-Line by Block-Transfer Instruction 

A bi instruction may take the place of a series of rd and ts instructions. 
The address of the bi must be the initial address of the block of registers in 
MCM to which the words vill be transferred, and +n, the number of words tote 
read, must be stored (times 2" 15 ) in AC. The time required for the block transfer 
is the same as the total time required to perform the rd instruction it replaces. 
If AC contains +0, a bi vill delay computer until a word arrives in ICR. J*° r ~ 
mally an si should be"given after each bi and before any following bi or id. IX 
an si is not given, the next word transferred from ICR by an rd or bi will be +0 
and""not the next word on the tape. Any sequence of rd and bi instructions may 
follow a single si. 

3. 3» ^ Programming for Word-by-Word Mode 

(1) Reading in the Word-by-Word Mode 

si r starts EBTR. Reads the next three lines of tape (which must be 
~" punched in the 5-5-6 form) and assembles them into a lb-digit word 

in ICR. This si instruction must not be followed by another si with- 
out at least one intervening rd or bi instruction. 

rd— transfers contents of ICR to AC then clears ICR in preparation for re- 
"~ eeiving the next character. The contents of AC will correspond to the 
16-digit word originally punched on tape. As many successive rd in- 
structions are necessary as there are words to be read from tape. If 
there are no intervening lines of blank tape, a 6-digit character will 
arrive in IGR every k.5 to 5.0 milliseconds (13. 5 to 15 milliseconds 
per word). The computer must execute an rd instruction often enough 
to extract a word from ICR and clear ICR before the next character 
arrives from the reader, otherwise a program alarm will result. Any 
instructions other than in-out instructions may precede each rd. 

si— stops the reader. Any si instruction which has been assigned a func- 
"" tion other than selecting the reader will deselect and stop the reader, 
but if the program does not require a specific si instruction, use the 
conventional designation si 630 (octal) or si kOd (decimal). As noted 
above, if PETR is not deselected in blank tape, the si for deselecting 
PETR should follow the last rd instruction within 2 milliseconds in 
order not to skip a line on the tape. 
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(2) Reading Word-by-Word by Block-Transfer Instruction 

A bi instruction may take the place of a series of rd instructions. The ad- 
dress oFthe bi must be the initial address of the block of registers in MCM to 
vhich the words" will be transferred, and +n, the number of words to be read, must 
be stored (tiiaes 2" 1 5) in AC. The time required for the block transfer is the 
same as the total time required to perform the rd instructions it replaces. Any 
sequence of rd and bi instructions may follow a single si. 

(a) Zero-Length Block Transfer on bi 

The use of a bi instruction calling for the transfer of a block zero words in 
length will resultTn one word being read but not transferred. The reading of the 
word actually is initiated by the preceding si (or bi or rd) instruction, hence 
one word is already read by the time the bi is ready to be performed. If the bi 
ealls for the transfer of no words, the word already read is simply discarded. 



3.3.5 si Addresses for the Photoelectric Reader 



PETR 



read line -by-line: si 210 (o) or si 136 (d) A 

si 211 (o) or si 137 (d) B 

read word-by-word: si 212 (o) or si 138 (d) A 

si 213 (o) or si 139 (d) B 
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$.k MECHANICAL TAPE READER 

The mechanical tape reader is the section of the electrically operated Flexo- 
writer which senses the 6-digit binary combination punched in a horizontal line of 
paper tape and then transmits the information to the right-hand 6 digit places of 
ICR. Since the mechanical tape reader has as its average operation speed only 
3-1/3 words per second, or only 10 lines per second, it is very seldom used. 

In the normal line-by-line mode, each reading operation on one line of tape 
forms a word of which the left-hand ten digits are zero and the right-hand six 
digits correspond to the binary information punched in the line of tape. 

In the automatic assembly word-by-word mode, each reading operation on three 
lines of tape assembles (by successive shifts left in ICE) a l6-digit word from 
the digits punched in the tape in 5-5-6 form. (See Section 3-^.2 (l).) The mechan. 
ical tape reader does not need to be stopped by an si instruction. 

3.U.I Programming for Line -by-Line Mode 

(1) Reading in the Line -by-Line Mode 
si r selects the mechanical reader. 

rd— reads the next 6-digit character from paper tape into the right-hand 
— six digit positions of AC from the ICE and clears IGR in preparation 
for receiving the next character. Tbe contents of digits - 9 of 
AC will be zeros, and the contents of digits 10 - 15 of AC will cor- 
respond to the binary combination read from tape. In this mode with 
the mechanical reader, the computer requires about 105 milliseconds 
to execute each rd instruction. As many successive rd instructions 
are necessary as there are lines of tape to be read. Any number of 
instructions other than in-out instructions may precede each rd. 
Since the reader automatically stops after each rd instruction, no 
special command is necessary to deselect the mechanical tape reader. 

(2) Reading Line -by-Line by the KLock-Transfer Instruction 

A bi instruction may take the place of a series of rd instructions. The 
address"of the bi must be the initial address of the block of registers in MCM to 
which the words will be transferred, and +n, the number of lines to be read, must 
be stored (times 2~ 1 5) in AC. The time required to execute the block transfer is 
the same as the total time required to perform the rd instructions it replaces; 
however, the computer cannot be used for other operations when a bi instruction is 
given. Any sequence of rd and bi instructions may follow a single si. 

3.fc.2 Programming for Word-by-Word Mode 

(1) Reading in the Automatic Assembly Word-by-Word 

si r selects the mechanical reader* 
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rd— reads the next three lines of tape (vhich must be lunched in 5-5-6 
~" form) and assembles them via ICR into a l6-digit word in AC and clears 
ICR in preparation for receiving the next word. In this mode with the 
mechanical reader, the computer requires about 315 milliseconds to exe- 
cute each rd instruction. As many successive id instructions are neces- 
sary as thire are words to be read from tape. Tny number of instructions 
other than in-out instructions may precede each rd. 

(2) Reading Word-fry-Word fry the Block-Transfer Instruction 

A bi instruction may take the place of a series of rd instructions. **»«*- 
dress oFthe bi must be the initial address of the block of registers In»Ito 
which the words will be transferred and +n, the number of words to be read, miBtle 
stored (times 2 J *) in AC. The tlae required to execute the block transfer is the 
same as the total time required to perform the id instructions it replaces. Any 
sequence of rd and bi instructions may follow a single si. 

(a) Zero-Length Block Transfer on bi 

Zero-length block transfers should not be used with the mechanical tape reader 
in either mode of operation. Such an order (bi with f) in AC) actually reads a 
line or word from the paper tape which will be lost. Program alarms may also occur 
if zero-length block transfers are attempted with the mechanical reader. 

3.1*. 3 si Addresses for the Mechanical Reader 

The si addresses for the mechanical tape reader are as follows: 

read line-by-line: si 200 (o) or .1126(d) Console 

si 201 (o) or si 129 (d) 

read word-by-word: si 202 (o) or si 130 (d) Console 

si 203 (o) or si 131 (<1) 
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3.5 fRlHTBR 

The direct Flexoprinter is an electrically operated typewriter which prints 
characters in response to a 6-digit binary coded input called the Flexowriter 
eot?*cei£d diSctly from the colter. There are two such *^f££^ 
printer 2 in the computer room in use next to the console, and printer 3 originally 
located in the direction center hut not in use at the present time. 

3.5.I Action of the Direct Printer 

Each character to he printed or machine function to he Performed £f ^ le > 
carriage return) requires that the computer send to the printer a 6-digit binary 
cSSr from the left-hand six digit places of AC Each key on the printer is 
aSet ^Tunique cede character. The printer utilizes only 51 of the 6k possi- 
ble^* e^binatfons and it will ignore without consequence the remaining combina- 
tions. The computer-controlled printers will also ignore the stop code. 

(1) The Flexowriter Code 

*he 6-diKit code, known as the "FL" Flexowriter Code, is assigned arbitrarily 
by the^a^fturer^ '<The code is given in tables at the end of this memorandum. 
Table 1 explains reading of the tape, Table 2 is in alphanumerical sequence and 
Table 3 is in numerical sequence of binary code characters. 

3.5.2 Programming for Printer Operation 

(1) The following sequence of instructions causes the printing of 
alphanumerical characters and the performance of machine functions (i.e., tab, 
carriage return, etc . ) : 

si t selects the printer designated by the address t. The printer will re- 
"" main selected until the next si instruction is executed. 

re- actuates the printer key corresponding to the 6-digit code character 
— contained in digits - 5 of AC. A time (listed below) equal to that 

required for the printer to respond to the most recent character must 
elapse before the computer can perform the next in-out instruction. 
An re instruction is required for each character to be printed or 
macEine function to be performed. As many re instructions as neces- 
sary may be used before the next si instruction. Any number of in- 
structions other than in-out instructions may precede each re. 

(2) Printing via the Block-Transfer Instruction 

If the Flexowriter codes for a group of characters to be printed are stored 
in sequence and in the left-hand 6-digit places in a block of consecutive ^f B ^ re ' 
a bo instruction may be substituted for a series of re instructions. ^ + ?* dre8 s 
of^hTS must be tL initial address of the block jT" 81 ^™' •* ** «* ^ r 
of registers in the block, must be stored (times 2' 1 *) in AC at the time the bo in- 
station is executed. The tdme required for the block transfer to the printer will 
be the same as the total time required to execute the re instructions it replaces. 
Any sequence of re and bo instructions may follow a single si. 



Page k6 
2M-027T 

3.5.3 Printer Response Times 

The approximate times required for the printer to carry out various pro- 
cesses are listed "below: 

Print any alphanumerical character or symbol, 

space, color change, upper and lower case 

snifts - ^ milliseconds 

Back space - l8 ° ^^iseconds 

Epilation and carriage return 200 t© 900 milliseconds 

3.5.1* Printer for Delayed (Xitput 

To conserve computer time, information can be recorded on magnetic tape and 
-later printed out. (See Section 3*2.9.) 

3.5.5 si Address for Printer 

(1) The following instructions will select the printer indicated and 
operate properly on an re provided that digits - 5 of the accumulator do not all 
contain "zero." If AC (T- 5 all contain "zero," a completion pulse will never be 
received from the printer and the computer will hang up on an in-out instruction. 

si 22* (jo) or si 1*8 (d) - select printer #2 in test control by console, 
si 23* (o) or si 156 (d) - select printer #3. 

(2) The following instructions will select the printer indicated. The 
action on an re will be the same as described in section (l) above except that a 
printer completion pulse will always be received. 

si 225 (o) or si 1*9 (d) - select printer #2 in test control, 
si 235 (o) or si 157 (d) - select printer #3. 

(3) The following orders will select the printer indicated, but three 
characters will be printed on one re instruction. The code of these characters 
vill depend on the contents of the~5c. If AC contains ABCDEFGHUKDOTOP, the 
printer will attempt to print the three characters whose eodes are ABCDBF, FGHUK, 
and KIMNOP. If one of these groups of six contains all zeros, the computer will 
not receive a printer completion pulse and will hang up. 

si 226 (o) ©r si 150 (d) - select printer #2 in test control, 
si 236 (o) or si 158 (d) - select printer #3. 

(*) Ibe following orders will select the printer indicated. The ac- 
tion on an re will be the same as described in section (3) above except that a 
printer completion pulse will always be received. 

si 227 (o) or si 151 (d) - select printer #2 in test control, 
si 237 (o) or si 159 W - select printer #3. 
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3.6 AMEIEX PRIHTER 
3.6.I General 

■The use of the Anelex Line Printer requires considerably less ocmputer operat- 
ing time than is required for either delayed printout via magnetic tape or direct 
nLSrtter^rtnter? The printer offers a choice of 56 different characters with 
fmSTof^O characters across the page. (See Figure 2.) The characters are 
sp^ceHmlnally ten-to-the-iJich across the page and six-to-the-inch in the vertical 
direction for single spacing. 

Unlike the Flexowriter which has a mechanical translator to decode a six-bit 
character, the Anelex printer requires the decoded information for one <*»&** 
line including blanks, to be available for each column of the maximum of 120 to be 
Snter Z^infonaakon must be broken down into eigh t groups of 15 co£mns each 
(see Figure 3) where only one group may be done at a single interval of ti«e. Since 
iSy 15^olumns are printed at a time, this machine is not a true "line printer. 
Sprinter requires one revolution of the print wheel to pass all 56 characters 
ttoouKh the printing position; therefore, eight revolutions are required to print 
^cSumnl. «th a £introli speed of 1200 RBI and with the allowance rf one^e- 
volution for advancing the paper, the maximum speed for the Printing °f^ c ™ 8 
is 133 lines per minute. If fewer groups of columns are used, the speed can be in- 
creased to a maximum of 600 lines per minute for a 15-column printout. In order to 
Print a full line of infonnation with one block out instruction, 8 x 56 or W (d) 
consecutive registers are needed. 

The comnuter core memory is used to form a "printout image." Within this 
iaage^ g~S of raster* is allocated to each 15-column Anelex group. For such 
f^ P of ^15 columns a block of 56 (d) core registers should be considered as a 
56 x 15 matrix. 
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1. 


slant 


2. 


regular minus 


3- 


regular decimal or period 


k. 


plus 


5. 


comma 


6. 


exponent 


7. 


exponent 1 


8. 


exponent 2 


9. 


exponent 3 


10. 


exponent k 


il- 


exponent 5 


ia. 


exponent 6 


13. 


exponent 7 


ik. 


exponent 8 


15. 


exponent 9 


16. 


A 


17. 


B 


18. 


C 


19- 


D 


20. 


£ 


21. 


F 


22. 


G 


23. 


H 


2k. 


sigma 6 


25- 


J 


26. 


K 


27. 


L 


28. 


M 



ORDER OF CHARACTERS ON PRINT WHEEL 



29- 


N 


30. 


delta A 


31. 


P 


32. 


Q 


33. 


R 


*. 


S 


35- 


T 


36. 


U 


37. 


V 


38. 


W 


39. 


X 


ko. 


Y. 


kl. 


Z 


k2. 


figure and letter 


*3. 


figure 1 and letter I 


kk. 


figure 2 


k5. 


figure 3 


k6. 


figure k 


kl. 


figure 5 


kS. 


figure 6 


k9. 


figure 7 


50. 


figure 8 


51. 


figure 9 


52. 


left parenthesis 


53. 


right parenthesis 


5k. 


exponent minus 


55. 


inequality 


56. 


exponent decimal 



Figure 2 
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ANEIEX GROUP BREAKDOWN 



GROUP 



3 
k 

5 
6 

7 



COLUMNS 


1 - 


15 


16 - 


• 30 


31 - 


■*5 


U6 - 


. 6o 


61 • 


■ 75 


16 . 


- 90 


91 


- 105 


106 


- 120 



Figure 3 
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The presence of a "one" bit In the ith column and jth row would instruct the 
printer to print the jth character from the list given in Figure 2 in the ith 
column relative to theTeginning of the currently selected 15-column Anelex group. 
(The 15 hits are taken from bits 1 through 15 of the core memory words; the sign 
hits, oit 0, are used for control purposes. ) Such a group of 56 (d) consecutive 
registers is required for each group of 15 columns to be printed, m addition to 
blocks of 56 (d) worts per group, additional single words •» »*iire4 for control 
purposes; i.e., an Anelex taage noimally consists of 56 word blocks interspersed 
with appropriate control words. 

An si 2kk (o) will select the printer and will not affect the group control; an 
si 2^5 To) will select the printer and clear the group control; the subsequent ho 
instruction will block out via the input-output register the desired number of reg- 
isters of the image. 

Indexing of the paper is ordinarily under the control of the programmer; how- 
ever, certain automatic operations, such as the single-space feed after a * 
instruction to group 7 or the page feed at the end of a page, cannot be inhibited. 

3.6.2 Control Registers 

If the sign bit of a register in the core image is positive (contains a "**«>"), 
that register specifies information to be printed; if the sign bit is negative, the 
information in that register is used for control purposes and is not printed. Tte 
^rammer may control that group (0 - 7) to which the next 56 registers refer, and 
ne Walso call for a paper feed. Either or both of these functions may be con- 
trolled by the same control register. A control register may appear anywhere with- 
in thTc ore image block; (but the next non-control register will correspond with the 
fLsfcnaracter on the ^rint wheel). However, control registers normally appear in 
between blocks of 56 (d) words. 

If the first word of an image block is a control word; the computer will have to 
wait to get in synchronization with the printroll a second time. Thus a 50 milli- 
second delay of one printroll revolution will result if group control is changed 
and/or if a paper feed of less than five lines is initiated, If the paper has to 
advance more than five lines t a further delay will result. To conserve computer 
time, whenever possible the last word of a block should be a control word to 
specify paper feeds and group control changes* since in this case the computer 
proceeds immediately after initiating the control word functions. 

(1) Group Selection 

If the sign bit (digit 0) and bit 2 contain a "one>" the anelex printer 
group control is set to whatever number (0 - 7) appears in bits 13 - 15 o? *be 
same register. If the programmer desires to start his printout in a group other 
than the group presently selected, the first word in the image should be a con- 
trol word to select the desired group. 

(2) Paper Feed 

If bit and bit 1 contain a "one," the paper will be indexed according to 
which format is specified in bits 7 - 12 of the control word which correspond 
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to formats 1 - 6, respectively. Only one bit from 7 - 12 should contain a 
"one " (If none of these six hits contain a "one/' the computer will hang up 
within the block order, unless the paper feed is called for on the last word 
of the block. In this case, the computer would hang up when the next printer 
bo instruction is given. ) 

The format control consists of a pre-punched tape with eight channels 
which is mounted within the printer itself. Formats 1 - 7* of which 1 - 6 are 
available to the programmer, stop the paper feed when a hole is sensed by a 
photocell. Format 1 (digit 7) provides a single-space paper feed; format 2 
(digit 8) provides double spacing; -format 6 (digit 12) indexes the paper to 
the beginning of the next page. Format 3 is available to provide triple-space 
paper feed. Also, the format control automatically provides indexing from the 
bottom of one page to the top of the next page. 

A single-space paper feed takes approximately 17 milliseconds, and each 
additional space (6-to-the-inch) takes 7 milliseconds if programmed by a 
single control register. Each separate paper feed takes a minimum of 17 
milliseconds. The only time the computer does not hang up and wait for com- 
pletion of a paper feed is when the last word of an image is a control word 
which calls for a paper feed, or when the group control is indexed from 7 to 
at the end of a block order. Thus, to save on computer time, a paper feed 
should be called for at the end of a block rather than at the beginning of the 
next block. 

(3) Combined Paper Feed and Group Selection 

If bits 0, 1 and 2 contain a "one," a paper feed is initiated and group 
control is changed (as indicated above). The next non-control register 
corresponds to the first character on the printroll. 

(k) Termination of Anelex Block Out Order (bo) 

Another control word function of the Anelex is to allow programmers to 
terminate the Anelex block out order (bo) when the control word is read, even 
though the block length indicates that there are more words to be read. A 
"one^in digit and a "one" in digit 3 selects this mode. The other two 
control functions (group change and paper feed) may be specified in the same 
control word as the terminate bo function. 

3,6.3 Programming 

When an si 2^5 is given, the printer group control is cleared so that the 
first 70 (o) registers to be blocked out after the bo is given cause printing 
in Soup 0, columns 1-15- After a set of 70 (o) registers is blocked out, 
the group control is automatically indexed to the next group. The next 
register to be blocked out then corresponds to the first character on the 
print-wheel and specifies printing in the new group. For example, the following 
instructions start a printout: 

si 2^5 

ca RC (block length) 

bo (starting address) 
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After the specified block length U •locked out, unless terminated sooner by a 
special control word, the computer exits from the bo instruction and goes on to 
the next instruction. At the end of the bo instruction the group control is 
indexed, unless the last register of the image is a control register. If group 
control is on 7, it will go to group 0. Also, when group control is automatically 
indexed from 7 to 0, a single-space line feed is initiated. 

In general, the block length for a printout will be some multiple of 70 
(o) plus the number of control registers used within the block. To print one 
full line, 10 x 70 or 700 (o) registers plus one paper feed control register 
at the end of the block, making a total of 701 (o) registers, might be ^d. 
(However, if 700 (o) registers starting in group have been blocked out, after 
an si 21*5 (o), no paper feed control word is needed since an automatic paper 
Set\ccurs. If the information for several lines of printing is available, 
the block length can be increased accordingly. At the end of gr oup J, if ttoe 
is no control word, the paper will feed one line and group control will select 
croup 0. If, however, a control word is given, then the automatic paper feed 
and group index are suppressed; the control word must specify paper feed and 
new group if they are desired. 

Although common, it is not necessary that a block length of JO (o) be 
used to print each group of columns. It must be only as long as the position 
on the print-wheel of the last character wanted in the printout (see character 
ordering in Figure 2). If several groups of the same block length were printed 
out in this maimer, a control register to specify a new group would have to 
be inserted wherever the information for a given group ended. 

If the last word of a previous block initiated a paper feed, the computer 
does not wait for the paper to be advanced but is available for programming. 
If the line feed command occurs immediately after decimal code <jh time, 
50 milliseconds must elapse before printing can take place. To operate the 
printer at maximum speed, the new information must thus be prepared and another 
printer bo given within the 50 milliseconds. 

Example; 

Figure k shows the printout image to print the words PRINTOUT IMAGE: in 
group 2 (columns 31 - *5). Assume that a block of registers ^^ «\*°° 
(o) are available for this block. After the block is loaded, the following 
octal program should be used; 

si 2kk 

» RC (72) 

bo 100 

The first word of the block is a control word that selects group 2. The 
following 70 (o) registers correspond to the characters on the printroll. 
NoS^at In none of the registers 101 - 171 (o) is a "one" in bit 9 > so that 
tMs column will be blank. Another point of interest is that bit 1^ contains 



a "one" 



umn will oe Diana., ahowjcx ±*jiu* v* *-~-~ — - ^ 

in register 103 (o) (regular decimal point or period) as well as in 
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Regirter 



SAMPIE HtlHTOOT 



Declosl 
Cteraetar Code # 



Bit 



100 

101 

102 

103 

10* 

105 

106 

107 

110 

111 

112 

113 

11* 

115 

116 

117 

120 

121 

122 

123 

12* 

125 

126 

127 

130 

131 

132 

133 

13* 

135 

136 

137 

1*0 

1*1 

1*2 

1*3 

1** 

1*5 

1*6 

1*7 

150 

151 

152 

153 

15* 

155 

156 

157 

160 

161 

162 

163 

16* 

165 

366 

167 

170 

171 



. (»«.) 



2 
3 

5 • 

6 " 

7 • 

8f 

3* 

A 

B 
C 
D 
B 
T 

H 
6 
J 
K 
L 
N 
B 

A 

P 

Q 

B 

8 

T 



▼ 

V 

X 

I 

B 


1 

2 
3 
* 
5 

6 

7 

e 

9 

( 

) 

-(«p.) 

> 



1 
2 
3 
* 
5 

6 

7 

8 

9 
10 
11 
12 

13 

1* 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

2* 

25 

26 

27 

28 

29 

30 

31 

32 

33 

3* 

35 

36 

37 

38 

39 

*0 

*1 

*2 

*3 

** 

*5 

*6 

*7 

*8 

*9 

50 

51 

52 

53 

5* 

55 

56 
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^ * ™ (rA fexDonent decimal). Both of these characters are printed, 
register 170 (o) i e ^ on ^*^ ' ^ 6 5 for more information on this 

gsssrs sa: sra sr« r;3S- - — « 

indexing. 

3.6.^ Core Clearing 

™ = -hwv of reeisters for a printer image , the block might he 
To prepare %£°=* °* f ^^"^tX With a simple loop program, a 
cleared and then the printer image generate milliseconds, vhich, for 

block of TOO (o) -f d st ^7La^e letTthan 10 SmsfcoS to load the block 
maximum printer speed, ^ ^"^Jj^, the special method of clearing 
Vlth ^tf ifS M should bfuseHo read +0 into a block of registers. This 
pTcesftakis 1 l£££2£ 5 milliseconds for a block of TOO (o) registers. 
(See Section fc-T for further information.) 

3.6.5 Overprintin g - Special Characters 

Because of the l^i tedder of ^^^1^^^^ 
printer, provisions have been «**»*«■ ^nfway to do this is to use a 
two characters on the sa^e line -^olumn. £ ^e group and line as the 
second set of TO (o) registers, " r !f™| ^ part of the special characters, 
first block of registers, *£?**%Z%£J*L& milliseconds) and the 
The disadvantages of this method are tne exwa t.iw \s* 
extra storage (TO (o) registers) required. 

It is also possible to print two ctax^inths TO^SSt?** 

hy placing a "~l"££~2?^£^£££^*.. - shown 
corresponding to the two c ^f el !L™^/U 8trietlan is that the two 

^Srs^sfpa^SdVarLsf 18°^ Prions on the priutroll. 

Figure 5 shows the most common special characters that can he obtained 
"by overprinting. 
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SPECIAL CHARACTERS OBTAINED BY OVERPRINTING COMBINATIONS 

<jt (using slant and 0) 

9 (using minus and 0) 

( (using minus and parenthesis) 

s (using "both minus signs) 

: (using both decimal points) 

; (using exponent decimal and comma) 



Figure 5 
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3.7 PUNCH 

The punch is a device physically connected to the Flexowriter and is used to 
transfer binary information from the computer to paper tape. It will punch any 
combination of seven holes with the presence of a hole being a one and the ab- 
sence of a hole, a "zero." This punched tape has a series of small holes, feed 
holes," located near the center of the tape which are used to locate a line on the 
tape. The holes on the tape are normally referred to as holes 1-7 starting at 
the left side, with the feed hole located between holes 3 and k. 



G 


) C 


) c 


) * 

1 


















V + ^ Feed * * i I 

123 ?r ^ 5 6 7 

- 1 - J Hole 



Figure 6 



The "seventh hole" position indicates whether or not the line contains informa- 
tion pertinent to the computer. No hole in this position indicates that there is 
no pertinent information in that line. The other six positions transfer 6 binary 
digits of information into the computer. 

Each line of digits to be punched on tape is transmitted to the punch from 
the left-hand 6 digit places of the ICR. The seventh digit is controlled by IOS 
and will punch or suppress the seventh hole, depending on the mode of operation 
of the punch selected by the si instruction. The punch requires 93 milliseconds 
to transmit one line of information to paper tape. In the word-by-word mode each 
recording operation punches three lines of tape in 5.5-6 form (see Section 3-7.2;, 
by successive shifts left in ICR, corresponding to the 16-digit word in the ICR. 

3.7.I Programming for Line -by-Line Mode 

(l) Punching in the Line -by-Line Mode 

si p selects the punch and prepares to punch or suppress the seventh hole, 
— according to the address p, where p « 2(* (o) or 205 (o). The punch 

will remain selected until the next si instruction is executed. 
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punches in one line on paper tape the 6-digit binary combination cor- 
— responding to the contents of digits - 5 of AC The seventh hole 

position is automatically punched, or not, according to the mode de- 
termined by the most recent si instruction. About 80 milliseconds 
must elapse before the computer can perform the next in-out instruc- 
tion. An re is required for each line of tape to be punched. As 
many re instructions as necessary may be used before the next £i in- 
struction. Any number of instructions other than in-out instructions 
may precede each re . 

(2) Punching Line -by-Line by Block-Transfer Ins truction 

If the characters to be punched are stored in sequence and in the ^ft-hand 
6 digit places in a block of consecutive storage registers, a bo in struction may 
ie suistftuted for a series of re instructions, ^e address of ^J^*»~ 
initial address of the block of registers and ± n, ^ J^ V + g +?™ L^ 2 
block must be stored (times 2~ 1 5) in AC at the time the bo instruction is exe- 
cuted £ uJ rehired for the block transfer to the poach will be the same as 
thTtotal time required to execute the re instructions it replaces. Any sequence 
of re and bo instructions may follow a single si. 

3.7.2 Programming for Word-by-Word Mode 

(1) Punching in the Word-by-Word Mode 

si p selects the punch and prepares to punch or suppress the seventh hole, 

- aborting to^he address p, where p . 206 (o) or 207 (o). The punch 
will remain selected until the next si instruction is executed. 

re- punches in 5-5-6 form (in three lines) the l6-digit binary comMna- 

— tion corresponding to the contents of AC. The seventh hole Position 
is automatically punched, or not, according to the mode determined by 
the most recent si instruction. About 2^0 milliseconds must elapse 
before the computer can perform the next in-out instruction. An re 
is required for each word to be punched in three lines on tape. As 
many re instructions as necessary may be used before the next si ^in- 
struction. Any number of instructions other than in-out instructions 
may precede each re . 

(2) Punching Word-by-Word by Block-Transfer Instruction 

If the words to be punched are stored in sequence in a block of consecutive 
storage registers, a bo instruction may be substituted for a series of re instruc- 
SSLT £2 Ss of-the bo must be the initial address of theblock of regis- 
ters, and +n, the number of "registers in the block, must be stored (times 2 ) 
in ih aTtne time the bo instruction is executed. The time rehired for the block 
transfer to the punch will be the same as the total time required to «««rte «» 
rT^strucUons iTreplaces. Any se^ence of re and bo instructions may follow 
a single si. 

3.7.3 Punch for Delayed Oitput 

TO conserve computer time, information can be recorded on magnetic tape and 
later punched out. (See Section 3»2.9. ) 
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3.7A sl Addresses for Ponch 

line-"by-line normal: si 205 (o) or si 133 (d) 

line-hy-line, 7th hole suppressed: si 20* (o) or si 132 (d) 

word-by-word normal: si 207 (o) or si 135 (d) 

word-hy-word, 7th hole suppressed: si 206 (o) or si 1* (d) 
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3.8 OSCIIIOSCOFES 

The display oscilloscope (scope) is basically a cathode ray tube which re- 
ceiveftts horizontal and vertical deflection voltages and intensification signals 
from the computer. The display system consists of three types of <=°^ols : * 
selection control which chooses the scopes to display as a medium of output, a 
defSctt on contro l which determines the position of the display on the scope face; 
f^ »n inLnsific atlon control which indicates the light intensification for the 
selected scopes at the proper times in the display cycle. 

In test control these are two 16" magnetically defected and focused scopes 
for primers- use, and one 5" electrostatically deflected and focused scope 
for cXeTSinte^ance purposes. One of the 16" scopes is primarily mtende d 
for nWrapntc purposes^ndhas a Fairchild 35^ automatic scope camera attached. 
Thesf wS" scoWhave a common switch (All DISPIAY SWITCH) which selects all 
^6 caSgorles Category being a selected line °* f*-^ 1 - ^^ 
a selected mode of operation. In the direction center there are thirty 16 scopes 
and nineteen 5" scopes also available for programed 1 use. 

3.8.I Selection of Scope Displays 

The addresses of the si instructions for displays on the oscilloscopes, 
tabulated infection 3.8.3T6), specify a particular "scope intensification line 
aSl^e of operation (point, character, or vector display). Any scope connected 
So^eScSd Une viu display a point or character or vector on ~ch succeed! ng 
display instruction until a different si instruction is given. A bank of togg le 
„,;Z. »t each scope permits the connection of that scope to one or several, but 
£t aU or Se 256 SoS ^nes. A toggle switch on the manual intervention panel 
?n test control conneotfthe two 16" scopes in test control to all of thescope 
lines when it is on "up" and disconnects them from all lines when it is off. Of 
STscoSs in the direction center there are two 16" scopes, the Visitors- Scopes, 
wnlch bfLans of a dial can be connected to any scope in the direction center and 
can display whatever is on this scope . 

3.8.2 Scope Deflection 

The left-hand 11 digits of AC (incliding the sign digit), •* «***^* 
display instruction is given, determine the direction and amount of **J*=*ion. 
The positive direction of horizontal deflection is to tbe right and positive 
ve"rti£l derlecSon is upward. The value 1 - 2-10 or its negative will produce 
tof mSimS Reflection. The center of the scope represents the origin with zero 
horizontal and vertical deflections . 

3.8.3 T ypes of Displays 

(1) Display of a Single Point 
The display of a single point is programed *y the following instructions: 

si s selects the scope intensification line designated ty the 
~~ address s. Sets the vertical deflection of all scopes to a 
value corresponding to the contents of digits - 10 of AC. 
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„.. sets the horizontal f™£* L^o^.T^AC.^tensmes 

tion line J=^~ a ' tefore ^e computer can perform the 
microseconds will elapse ^^ „f instructions other 
next in-out instruction. Any numDer 01 in» 
than in-out instructions may P re =*^ ** ch J£ er ^L^Saress 
he displayed is programmed in a similar manner, me aoore 
of this re instruction is immateriai. 

(2) m s play of Horizontal tines (Point-by-Polnt) 

». vertical deflection is set £ * %«g^J>ffilS^ 
which do not refer to scopes) and ™£f?XS is set up by 5*y re instruction 
i8 executed. Similarly, »,5?^£rSri until a new ^instruction 
(while a scope line is selected ^""f? 8 ^spSyed simply *? » -i^ 1 * »i to 
is executed. Hence a horizontal line may he «»^~ ^Instructions to set 
set the vertical deflection, *<«*•**• ^^dual-points on the horizontal 
up the horizontal deflections, and disp ^*J^£* w T th , numher of times 
line. A cycle can be set up using the re "J™^ 8po t 8 desired on the line, 
one goes through the cycle c ° rres ^ nd8 n t ° h f! c T incremented. Tor distinct points 
Before each successive re the »«£« *" *£^ A^e!" re about 170 sdcroseconds 
^ J S^-^^«S^S SSoL the'next in^tructi-. 



(3) fTharacter Displays 

(a) The Character Generator 



To display alphanu^rical information ^^^SS^'SS^ SSr 
been used which display such gl^^^^ai^wSrr ti-s aoi storage space, 
outlines. In oreer to save both '"^^^f^Scters on the osciUoseopes 
rSS! "22 £23^ ^J^T^ «. desired lines in a 



can be usea. iib»= wi~« — «„_« 7 

rectangular figure eight, a* shown in Figure 7. 



origin ( >_ -2- 



J 



Figure 7 
Character Generator Basic Figure 
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a , - ,™k^i which can te formed from the seven lines may thus he plotted automatically 
£e «&» of tTcharlcSTls at the 1ft center of the figure •!**.-<* *ta 

!< + £; rf the oriein on the face of the oscilloscope is determined hy the contents 
S AC whef t£ sUlor vertical deflection) and re (for horizontal deletion) for 
£«^rt^ the Saracter are given, as is done fOT plotting individual points (see 
a^eTetcept f^hT^iatenslfication address. The lines in the «*»• •!*" 
wSch win te intensified when the re x order is given are specified hy digits 1 to 
7 rf «*ister x Each of these seviS digits corresponds to one of the seven lines 
Ihow/tf F^ 7; a one in one of these digit positions indicates that the corres- 
SnSni linHnouLi he intensified; that is, a "one" in "8" *»*«« ?*if iSLl 
^Tinteiwification line numbered one. Thus the four shown in figure 8 is formed 
x£ S2TSS! fourT^ive and seven and is specified by the binary number 
x.OOlllOlxxxxxxxx in register x» 

I 



Figure 8 
The numerical Character "V 



The size of the character outline is about 7 units wide and 8-1/2 units high, 
whereTunlt is the minimum distance between two points displayed on a scope (which 
Responds to a difference of 2-10 in the contents of AC when an si or re order for 
point display is given). 

It is possible also to adjust the size of the character outline so that an 
.,™,vw flimiCT will he Kiven. The adjustment is now one of a factor or^2 or 
fS^tif u£d ^bTchangeTby equii«ent settings. The espied display is avail- 
ed 'cXm t ouA S~ Z ehWing the switch from senual to expanded display: 
D 12 ^-lT r!u7F^13, 0-11, and 0-13- On all of the above scopes, except D-3£ 
and E-12 the display ^an be expanded by quadrants also. This is accomplished by 
•mafe. to •£2*1, expand ™xpand 3 and expand k for the quadrant I, quadrant 
n'quadfan? STand quaSant IV, respectively. To ex^nd the whole display on 
these scopes, switch to the expand position. 

In orfer to intiate this expanded display the si lMo) l Mt ™ cti <» ™£ 
be giveaTand to release or e»i this display the si 15 (o) instruction an* be 
given. Either instruction must be coupled with the correct switch setting. These 
Suctions can be given at any time except between the si and re instructions 
displaying a character. 
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(b) Display of a Character 
The display of a character is programmed by the following instructions: 

si x selects a scope intensification line for character display. 

— Sets the vertical deflection of all scopes to a value corres- 
ponding to the contents of digits - 10 of AC. 

re y sets the horizontal deflection of all scopes to a value corres- 

— ponding to the contents of digits - 10 of AC. Intensifies 
the lines of the character according to the contents of digits 
1 - 7 of register y. About 326 microseconds will elapse before 
the computer can perform another in-out instruction. Any number 
of instructions other than in-out instructionsmay precede each 
re. Each character to be displayed is programmed in a similar 
manner. 

(k) Vector Displays 

(a) The Vector Generator 

To aid in displaying alphanumerical data, drawing curves, plotting axes, 
etc on the scopes, an automatic method of displaying vectors on the scopes is 
atiiabL TneTookinates of one end of the vector are determined * tto contents 
«T lc when the si and re v instructions for displaying a vector are given, Just as 
^eurs^nTisilaSg^n individual point, ^ori-tal ^-^1 ^nts 

fo ?«^££? gT^liSM EE^Zf^tZ ^origin, 
witn maxima off 3^unftl! where a unit is equivalent to 2-8 spacing when displaying 
S^ts^dSiS 8 to 13 provide a similar range for the vertical component of the 
-etor' Dibits and 8%espectively are the sign digits of the two components. 
Sf 2;gest g horiLnte^ U thus about l/l6th the distance across 

Se usaole portion of the scope face (for 16" diameter scopes, on£ ^« ^ r ^ 
souare is used, and thus for these scopes the maximum horizontal or / ertic *l ^P* 
wScTcan Z made with a single vector is about 0.7 inches long). A zero length 
vector^pears to be a singlJloint, but no light gun action can be taken on it. 

(b) Display of a Vector 
A vector is displayed by the following instructions: 

si u selects a scope intensification line for vector display. Sets 

— tbe vertical deflection for all scopes to a value corresponding 
to the contents of digits - 10 of AC. 

re v sets the horizontal deflection of all scopes to a value corres- 

- Ruling to the contents of digits - 10 of AC. Intensify a 
vecto7starting at the point whose coordinates have just been 
established, where the sign and length of the horizontal component 
ara given ^ the first six digits of J, and the sign and length 

of the vertical component are given lay digits 8 to 13 of th*» 
register. About 166 microseconds will elapse before the computer 
can perform another in-out instruction. Any number of instruc- 
tions other than in-out instructions may precede each re . Each 
vector to be displayed is programmed in a similar manner. 
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(5) Oscilloscope Asrplif ication Settings 
clearly, \?f^J™" 1 aBiIk and intensity settings for joint display occur on the 

displays . 

(6) si Addresses for Scope Lines 
The si addresses referring to oscilloscope displays are as follows: 
point display from si 600 (0) to si 677 (0) 



or 



from si 38U (d) to si Wl (d) 
vector display from si 1600 (0) to si 1677 (0) 



or 



from si 896 (D) to si 959 (D) 
character display from si 2600 (0) to si 2677 (0) 



or 



from si 1^08 (D) to si 1^71 (D) 
from si 36OO (0) to si 3677 (0) 



or 



from si 1920 (D) to si 1983 (B) 

expanded character si lfc (0) or si 12 (D) 
display 

release expanded si 15 (0) or si 13 (D) 
character display 



As indicated above, the connections of the oscilloscopes to the ahove ^« 
are determined X the particular switches associated with each scope and the wiring 



of these switches. 
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3.9 CAMERAS 

Two cameras are available with the in-out display system. The primary 
camerTisTFairchild 35- automatic sco** camera mounted to P^ograph one of 
the 16" display scopes in test control. The focus and aperture setting of this 
£L» are ?ontrollS manually, tat its film may he indexed aM -exposure cycle 
controlled hy computer orders. A second camera is available in the direction 
center. 

3.9,1 Camera in Test Control 
(1) Action of Camera 

The selection of the camera hy the si k instruction results in the follow- 
ing cycle of operations, termed an index cycle: 

(a) Bulb lights, recording the frame number, time and card 
data for the previous frame. 

(b) Close shutter. 

(c) Advance film one frame. 

(d) Open shutter. 

The shutter of the camera is normally open when camera power is on, so that a 
U*£ TZ te Plotted leisurely with each dot registering on the film as it 
appears. 

(2) Programming for the Index Cycle 

The index cycle is affected by the single instruction si k. About 500 milli- 
secon^wS ellSe after this si instruction before the computer can perform 
a^SSr In^Tstruction. IfTbe scops is used as out^tte *^~ f £^* 
indexed at the end of the display to eliminate a loss of data in the last frame 
in the case of the next user omitting an initial index. 

(3) Manual Control 

A push button, labeled "INDEX, " on the camera control panel in test control 
proviLrior^anu^lly indexing the'eamera. Each time this button is depressed, 
an ixAex cycle is given. 

(It) Film Alarm 

Vhen the fU» supply in the film magazine on the camera ge t. low, fVj^ 
huzzer sounds and a red light on the camera control panel goes «<}£•*■* ™ 
AMBM"). The magazine should then he replaced with one containing fre»h«J»; 
Sifthe aiarm activates, however, there are still at least ten frames of film 
££ in\he camera magazine. The huzzer will he *1^ °« ^^f™*^ 
presses the "AIARM ACKHOWIBDGE" button on the panel, hut the light remains i« 
until the magazine is replaced hy one with sufficient film. 
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3.9.2 Direction Center Camera 

This camera is designed to record scan-by-scan displays of radar data during 
special operations. 

The selection of this camera Uy the si 2k (o) instruction results in the same 
cycle of operations as the above test control camera index. This command vill re- 
ofirt approximately 30 microseconds of compter time and vill permit immediate use 
of another part of the WI input-output system. To permit the proper operation of 
the cameras, at least 500 milliseconds of program time should appear hetveen two 
si 2k (o) instructions. 
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3.IO CLOCK (TIMING REGISTER) 

„, . ..^ .,„,_ associated with the WI computer is a 21 binary digit 
The ^T*?^?^ k ^ 0C iSe formal 5 input to the right-most digit is a 

counter (counting modulo 2- ;, wnose "? x * lines. It is possible 

to read out (to IOR) only tne nrs-o j.? ttl » iW «.,*™,+ ~.n advance one count each 
provide frequency division so that the *^ r j£^^^JTJ* number of 
1/I5th second. Thus, the output of the clock can indicate tne J« corre s- 
l/l5th-second intervals, counting from to a maximum of 2^-1* *£ C ^°Sp- 
}Sf to about 9.7 hours. Provisions have been ^^^^^^ ^Tigits 
flops of the clock, complementing the first 19, and reading 
in two parts. (See Figure 9- ) 



To digits 12 

to 15 of IOR 

on si 7 



To digits 1 to 11 of IOR 
on si 5 and si 7 



To digits 
12 to 15 
of ICR on 
si 5 




Clock Counter Digits 



60 pps in- 
put if 2 
"^pass 2_ 
Counter" 
switch is 
on. 



Normal input 
(60 pulses 
per second) 



Figure 9 
Clock (Timing Register) 



" "" "~ v~ 4>-ji **»+/* +m* counter. This source must be cabled 
Other pulse sources can be fed into this GG ^l' * ™* * thrown up. When 

EXTRAORDINARY INPUT" is lit. 
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3.10.1 Progrannning to use the Clock 

(1) Fine Count 

B i 5 transfers the contents of digits IT through 3 of the clock 

— to corresponding positions from digits 1 through 15 of 
ICR. Digit of ICR is 0. 

rd— transfers the contents of ICR to AC 

(2) Coarse Count 

si 7 transfers digits 17 through 7 of the clock into corres- 

— ponding positions from digits 1 through 11 of ICR, just 
as is done on si 5 above. Digits 21 through 18 of the 
clock are transferred to digits 12 through 15 of ICR. 
Digit of ICR is 0. 

rd- transfers the contents of ICR to AC. This number must be 

— rearranged to its original position in the clock register 
to provide the proper time count in increments of 1 and 
l/l5th seconds. 

(3) Miscellaneous 

si 11 (o) 

or clears all 21 digits of clock (sets all flip-flops to 0). 

si 9 (a) 

si 12 (o) 

or complements the first 19 digits of the clock (digits 21 
^ 1Q(d) through 3). 

In order to provide more accurate timing for <*^^^f am8 '* Jf"**^ 
been provided which by-passes the source of pulses around «» larttjo «fP-£°P* 
of thfcounter (thus it can count l/60th second Intervals). Otherwise tta «*ck 
operation is unchanged. When this switch is thrown, a light on the control panel, 
labeled "TBOTG REGISTER, BYPASS 2 s COUNTER," remains lit. 

When a switch on the console labeled "STOP OR si 11 OR si 12" is on, a 
light on the control panel (similarly labeled) is lit and the computer will stop 
if an si 11 or an si 12 instruction is given. 
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3ill MANUAL IHTERVEHTIOH BEGISTEBS AHD IKD ICATOR LIGHTS 

«hrf+rf« B are t>rovided to insert up to U80 binary digits of information 
into tne center via tne digits of thirty l6-digit registers,^ th . i-rU» 
^sters, whichmay I. ^f^lT^Zn^o^T^ df^'oftT^ 
SSt^^S. fctlvafe^glsters, vji on m y also Sample: ^ectly 
by fte computer. Eight indicator light registers are available to allow com 
puter output indications. 

The system provides several sets of switch inputs. Each set ^ signify 
««Jr«riMw£. of information. There is a push button (activate button) and 
£ f a 6 c r t vatioTLd^rSght associated with <^ «£?%£££ 
possible to use either insertion switches or activate buttons "^* x */ 
E£K the program Is properly designed; however, P^^iof St^the^t 
Lather In this latter mode, one would place the information into ™ B = 
tf^cies anTpress the associated activate button which turns on the^^ 
^tor liS* at the console position The computer acknowledges reading 
the activate button by turning off the indicator light. 

The insertion switches, activate buttons, and indicator lights, along 

Paired SanLrin distribution of various indicators, displays and control* 
^TeacS S. The connection at the junction box is ■"*-P»~f ' •"* 
at eacn c ° n » c ^=- .^ fect the work of many people, any changes must be 

^mifpltSefaidlhluld^t^ conWaSd on a aay-to-day-prog^- 
S^ogrL basis, but should be used to facilitate any general change in pro- 
eedure. 

3.11.1 Insertion Registers 

(l) Description of Insert ion Registers 
a ™ «f special registers has teen providea so that asynchronous 

are purposely omitted, 

(2) Pro gramming to Use the Insertion Registers 

To read the contents of any insertion register, the following sequence of 
instructions is used: 
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si x reads the contents of the insertion register indicated by the 
"~~ address x into IOR. Since the switches which govern this 

information are of the latching type, the information in the 
register remains there until some of the switches are changed. 

rd— transfers the contents of IOR to AC and clears IOR. 

(3) si Addresses for the Insertion Registers 

The si addresses for the insertion registers (numbered 2 to 3l) are as 
follows: 

Insertion Registers si 302 (o) to si 337 (o) 

or 

si 19^ (d) to si 223 (d) 

Manual insertion registers referred to by addresses 336 (o) and 337 (o) are 
mounted on a panel on the console in test control, and are used by the, com- 
puter operators to select special utility programs, etc. - 

3,11.2 Activate Registers 

(1) Description of Activate Registers 

Another form of manual insertion of information into the computer is pro- 
vided by the activate registers. These are two registers of gas ^J* 8 132)* 
any one of which is fired by pressing the push button associated with that 
tube. When the information is read from such a gas tube, it is automatically 
extinguished, so that it may be fired again when its button is pushed. Also 
associated with each tube is a light which remains lit as long as that tube 
is fired. The information given here is of a general type; thus, any specific 
locations have been purposely omitted. 

(2) Programming to Use the Activate Registers 

The contents of an activate register may be read as follows: 

si y reads a word into IOR indicating the states of the 16 gas tubes 
— which form the activate register indicated by the address y. 
"Ones" will be in the digit positions corresponding to gas 
tubes fired since this same si y instruction was given pre- 
viously. These gas tubes are then extinguished. 

rd— reads the contents of IOR into AC and clears IOR 

(3) si Addresses for the Activate Registers 

The si addresses referring to the activate registers are as follows: 



Activate Register si 300 (o) or si 192 (d) 

Activate Register 1 si 301 (o) or si 193 (d) 

The push buttons which fire gas tubes corresponding to digits and 1 of the 
word obtained by using si 300 (o) to read activate register are positioned 
on the panel on the console in test control* and are used by the computer 
operators with the insertion registers located on this panel. 

3.II.3 Indicator Light Registers 

(1) Description of Indicator Light Registers 

A group of eight special registers has been provided so that the computer 
program can give desired information to the operators* programmers* or other per- 
sonnel. Each such register represents a group of 16 gas tubes which can be 
fired under control of the computer. An si instruction referring to one of 
these registers extinguishes all the tubes in that register* and the succeeding 
re instruction fires the tubes corresponding to the digit positions in AC 
which contain "ones." Lights associated with each gas tube of each register 
remain lit as long as that gas tube is fired. These indicator lights* 
distributed among the console positions* are provided for displaying binary 
information from the computer. Either "ones*" "zeros*" or both "ones and 
"zeros" in the indicator light register may turn on lights at the console. 
Up to four "one" lights and four "zero" lights may be connected to each digit 
of each indicator light register.* The complement of the contents of the 
register may also be given in a parallel set of lights. The information given 
here is of a general type; thus* any specific locations have been purposely 
omitted. 

(2) Programming to Use the Indicator Light Registers 

To record a word in an indicator light register* the sequence of 
instructions used is: 

si z extinguishes all the gas tubes of the indicator light 
register selected by address z. 



re— reads the contents of AC into ICE* and wherever a one occurs 
in this word* fires the gas tube corresponding to that digit 
in the selected indicator light register. The lights associated 
with this register then show the contents of AC. Two seconds 
must intervene between two si instructions for the same light 
register in order to insure that its gas tubes are completely 
extinguished. 



* Special purpose indicators* such as binary- to-octal converters and audible 
alarms* may also be controlled by the indicator light registers. 
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(3) si Addresses for the Indicator Ligh t Registers 
The following si instructions refer to the indicator light registers: 
Indicator Light Registers si 510 (o) to si 517 (o) 
0-7 or 

si 328 (d) to si 335 (d) 

The lights for indicator light register 0, whose address is |i 510 (o)> are 
Scatef on the panel on the console in test control for use hy the computer 
operators and programmers. 
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SECTION IV 
SPECIAL IN-CUT UNITS 

fc.l LIGHT GUNS 

If. 1.1 Standard Light Guns 

The light gun is a photocell device which generates a pulse if it sees a 
sudden change in light intensity such as occurs when a spot is intensified on a 
display scope. The gun contains a trigger switch which causes one pulse to he 
generated for each trigger depression if the in-out switch (iOSTis set to dis- 
play points. The light gun action will not take effect on vectors or characters. 
Such a device enables the scope operator to direct the attention of the computer 
to information represented by certain points on the display scope. 

fc.1.2 Special Light Gun 

A special light gun is available which operates in similar fashion to stand- 
ard light guns except that only one depression of the trigger is required in 
order to pick up a sequence of point displays. In order to operate this special 
light gun, a switch must be thrown to "Light Gun" position on the side of the 
area discriminator console in the direction center. Since this device is seMom 
used, a technician should be consulted. 

k. 1. 3 Area Discriminator 

Also available is an oscilloscope called the "area discriminator" or "light 
cannon " which has a photocell permanently mounted above it. This cell operates 
similar to the light guns except that no trigger is necessary for activation. 
The photocell will generate a pulse for any point displayed on the scope unless 
a filter or mark is placed between the point and the cell. 

In order to use the area discriminator, two special switch actions in the 
direction center are required: first, a switch on the side of the area discrimi- 
nator must be thrown to "Area Discriminator" position; secondly, the display on 
the area discriminator is controlled by display switches located at J21-12-1 «** 
121-12-2. (These switches select one of two possible si display lights which are 
available at the area discriminator. ) 

k.l.k Light Gun Wiring 

Since each light gun will insert a "one" in the sign digit of the ICR and in 
one of the other fifteen digits when a point has been detected, a maximum of 15 
unique light guns can be installed. After displaying a point, the contents of the 
ICR may be transferred into the AC to see if the light guns picked up the point. 
At the present time 13 light guns are available, and wiring is such that the ICR 
register which is used by the light guns is set up as shown in Figure 10. 
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Digit Ho. Scope Ho. Light Gun Station No. 

All Light Guns use the sign bit 

1 B-12 TS 



2 



F-ll M #1 

3 F-13 M #2 

1* G-ll M #3 



5 



G-13 M fr 



5 G-ll Area Discriminator or 

Special Light Gun 

7 Hot Used 

8 M-ll 'id. S#2 

9 J-ll W.D. 
10 - 



1-11 EL. #2 

H-ll I #1 



Q-ll WDH/R 

11 P-ll ASC 

12 

13 

Ik D-12 Id. 

15 D-ll Id. S 

Figure 10 



fc.1.5 Programming for Light Gun Inputs 

To determine if a light gun signal has occurred with the plotting of a given 
point, it is necessary to program an rd after the point has been displayed and be- 
fore another in-out instruction. The rd will bring the contents of ICE into AC; 
a cp instruction may then be used to examine the sign digit to see if any signal 
haTbeen received; and successive el and cp instructions may determine which- 
light guns generated the signals. The address part of the rd instruction is 
immaterial. (The re order used to display the -point clears the ICR so that a 
light gun return can set the appropriate digits.) 
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k.2 RADAR INPUT 

An extensive input control system is installed at Whirlwind for the purpose 
of permitting automatic input of radar data from multiple radar sites. Bile in- 
^t^temlnvolves a quantity of electronics which is comparable with the elec- 
SonicTS the central computer system. The main functions of this ^system 
areto provide serial-to -parallel conversion from phone line messages to Para^ 
digital words, and to provide buffering such that the asynchronous radar inputs 
may he adequately assimilated by the central computer. 

Two different forms of radar data are handled by this input system: Slowed 
Down Video (SDV) and Fine Grain Data (FGD). The latter is commonly called an 
"FST-2 input" since the digital data transmission system is so designated, in 
handling these two inputs, the radar input system involves several major equip- 
ments: 

(1) Multiple Input Terminal Equipment (MITE), 

(2) The buffer section of the buffer drum, 

(3) Mappers. 

This memorandum will avoid any description of the actual input system equip- 
ment and will primarily stress the format of data and *^ J^S'ta^^SLn 
tions in using this data once it has actually been deposited on the buffer section 

of the buffer drum. 

1^.2.1 Slowed Down Video (SDV) 

In the SDV system of data transmission, the presence or absence of a ***&* 
is reported as the presence or absence of a particular pulse in a serial train of 
w£« line pulses. This implies that equipnent at the ^^/"? 
count pulses in order to determine the numerical azimuth and range of a target. 
STeqSpSnt required to do this is called Multiple bpit ^^ E * u ^ n * 
(m<mt) The existing equipoent at the Whirlwind computer can handle up to four 
Eaneouf ^vlnputs.^^se input MITES are manured for convenience in accord. 
IStSS Urn place (slot) on the input bufftr drum to which they are connected. 
The present connections as of this memorandum date are as follows: 

Drum Slot MITE Radar 

Group 0, Slot k k Chestnut Hill 

Group 0, Slot 7 7 Derry 

Group 1, Slot k 1^ Halibut Point 

Group 1, Slot 7 17 Scituate 

A particular SDV message consists of an azimuth and a range and is deposited 
in a single lUbit register of the buffer drum (l^-bit buffer drum registers 
correspond^ bits 2 through 15 of standard Whirlwind words). The azimuth is 
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corded in tits 2 through 9 and the lowest order hit is equivalent to 1/256 of 
a revolution. Range is recorded in bits 10 through 15 «*, ** J^!5* ortaP Mt 
is equivalent to 3A of a nautical mile. Reference : Drawing SC-81263. 



rec 

a 



1*.2.2 FST-2 Inputs 



In the FST-2 system of data transmission, the presence of a target is re- 
ported as a group of digital binary numbers transmitted serially over phone line 
circuits. Since the information is already in the form of digital numbers, no 
"counting" is required, but a serial-to-iarallel conversion is performed by the 
phone line input equipment. Messages in the FST-2 system may take one of several 
forms; e.g., search radar returns, Mark X returns, or height finder reports. 
The format of the phone line messages is shown in Figure 11. Unlike SDV, these 
messages require more than one lfc-bit register of the buffer drum per message; in 
fact/three registers per message are required and such a grouping of three regis- 
ters is, for convenience, called a "super-register." In addition, the tapxt data 
rate is such that two buffer drum slots have teen allocated per FST-2 input phone 
line. Furthermore, under certain conditions, a particular radar may require two 
phone lines to handle the expected data rate. 

Equipnent is available at Whirlwind to handle up to four FST-2 phone line in- 
puts, thus eight slots of the buffer drum are allocated for this purpose. This 
arrangement permits inputs from either two radars (at two phone lines per radar) 
or four radars (at one phone line per radar). The actual connection of Particular 
radars to particular slots is flexible and subject to change; however, a particular 
common connection is listed below for illustrative purposes: 

Drum Slot Radar 

Group 0, Slots and 1 Bath, Channel A 

Group 1, Slots and 1 Bath, Channel B 

Group 0, Slots 2 and 3 Truro, Channel C 

Group 1, Slots 2 and 3 Truro, Channel D 
Reference i Drawing SC-81263. 

In a particular super-register the FST-2 messages are stored as indicated in 
Figure 12. Many of the quantities shown on this Figure are subject to changes in 
definitions as a function of particular applications, and a discussion of these 
definitions is beyond the scope of this memorandum; however, a few of the more 
common quantities are defined below: 

(1) t^ Time of Arrival bits will have the contents of the WWI clock, 
bits 1. h, 5 and 6, at the time the message is recorded on the drum. The time of 
recording will be"! maximum of 17 milliseconds after the time of *rri™l; The 
least significant bit is added to approximately every 1/2 second (actually 0/ 15 
second). If when the FST-2 input data is read from the drum, the WWI clock is 
read and stored in register X with bit 3 of the clock in bit 15 of tte "f"*?'^ 
and if the time recorded with message M is in register T, then the following three 
orders will give the length of time this message was on the drum: 



PHONE LINE SIGNAL. SEARCH RADAR 



i 

o 
ro 



B 
1st P/L word S B 

MESSAGE 



RANGE- 



12 3 fc 5"-6 7 8 9 10 



AZIMUTH- 



12 3^56 789 10 11 12 



2nd P/L word 

T 



-LABEL 



12 3^5 



TIME 
■DELAY- 



RUN 
-H*LENGTH->1 



12 3^5 



12 3 



ALL 0»8 



123l|.56789 



odd 



odd 



PHONE LINE SIGNAL, MARK X WITH SIF 



B 

1st P/L word S B 

MESSAGE 



2nd P/L word 
T 



LABEL 



12 3^5 



■RANGE 



12 3 k 5 "6 7 8 9 10 



AZIMUTH- 



12 3^5 6789 10 11 12 



TIME 
DELAY- 



12 3^5 



<— SECURITY IDENTIFICATION FEATURE -> 
1 2 3 ^ 5 6 7 8 9 10 11 12 



odd 



odd 



PHONE LINE SIGNAL, HEIGHT FINDER 



B 



1st P/L word C 


) S B 
MESSAGE 

^ TiVTCPL *- 


2nd P/L word 

T 


12 3^5 



No. of 
A/C-^-USEP->kFORMi+^ SRY-^ 



12 3 



1 2 



1 2 



12 3 



t — RN-> 
12 3 



*Av 
1 



NEW HEIGHT- 



123^5 678 



odd 



ALL 1 s 



— H 



1 2 3 ^ 5 6 7 8 9 10 11 12 13 1^ 15 16 17 



odd 



-3 

ON 



Figure 11 
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SEARCH RADAR 
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DRUM BITS 1 



2 3 k 5 6 7 

■ RANGE- 



8 9 io 11 " 12 13 lk 15 



/Reg. r 

S" 1 ® i Reg. r + 1 - 
REGISTER^) 6 

I Reg. r + 2 - 



-10 9 



8765^321 



-TIME OF ARRIVAL*) 
k 2 1 1/2 I 



pr 



- 12 11 10 9 



AZIMUTH — ■ 

8765^321 



K— MESSAGE LABEL-^K-RUN LENGTH*) <— TIME DELAY— > 
m [J k 3 2 1| 3 2 1 \5 h 3 2 1 



MARK X 



DRUM BITS 1 



Reg. r 



2 3 k 5 6 7 8 -9 ID 11 12 13 Ik 15 



-RANGE- 



— >4*TIME OF ARRIVAL*) 
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SUPER 
REGISTER' 



Reg. r + 1 - - 1 12 11 10 9 8 T 6 5 k 3 2 1 



Reg. r + 2 - 



MESSAGE LABEL— H 
5^321) 



K TIME DELAY- 



5*321 



HEIGHT FINDER 



DRUM BITS lU 3 * 5 6 7 8 9 10 11 12 13 * 15 



/Reg. 



SRY > 

3 2 1 



-F0RM->k-SEP->k-N0. of AO^TIME OF ARRIVAL-* 
2 1 2 rT3 2 lT * 2 1 1/2 I 



SUPER L r + i - 
REGISTER < Reg ' r + 1 



■NEW HEIGHT- 



>KA- 




RN- 



^Reg 



. r + 2 - 



8765^32 1| 1 | 3 2 1 



^-MESSAGE IAffiL-H 
5 * 3 2 1 



FST-2 INPUT DATA AS STORED ON THE HJFFER DRUM 
Figure 12 
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ca X 
su T 
mi y Y contains 0.00017 

This procedure assumes that the WI clock did not end-carry hetveen ^^J^ B ' 
s^e ?S2 and the time it was read from the drum, in which case the answer 
would be off by l/l5 second. 

(2) The Range bits of the search radar and Mark X returns vOlte 
the range to the neariitlA nautical mile with a maximum range of 255-3/* ■"••• 

(3) The Azimuth hits of the search radar and Mark X f ^f^***! 6 
the azimuth to the nea3iitT/lK)96 revolution which is approximately 0.088 degrees. 

(k) Seme Message Label definitions are tabulated below: 

Bit So. 
5^321 


1 
10 1 

01001 

10 1 

(5) The Time Delay bits of the search radar and Mark X returns will 
have the length of ti me, to the nearest lA second, bet«een the occurrence of the 
data and its transmission on the phone line. 

k.Z. 3 Buffering and the Switch Fields Technique 

The primary reason for existence of the buffer drum is to store asynchronously 
arriving information until the central computer can absorb it to large blocks, £- 
cominTradar data must be continuously recorded as it arrives, and at the sazae time 
tSlentral computer must be able to read the buffer drum essentially at its conve- 
nience! to orter to permit this operation, the four groups of the buffer section of 
?hTbuf fer\r£ are divided into two fields such that at any given time two groups 
are connected to the external equipment and two gr oups to the "m^*"' "T,, 
ticular, the four groups are designated A , 0* 1a, and 1 b . Or ™P A and Group V 
ia designated Field A: likewise, Group B and Group 1 B is designated Field B. When 
neS A^slonnected to the computer, Filld B is connected to the external equip- 
££?, ard vice versa. In normal operation, once the central computer has *£°^ 
the information from the field to which it is currently connected, it can switch the 
Sells a* begin reading the newly deposited information. The "^J**^ 
accomplished by a particular si instruction (si 73* (o)), thus lnnediately arxer 
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-.- J.X. *«+« *w«, o r«-H--5f»ular field, the program would normally switch 

of^'buf^r STclears the groups vhich have been read, preparing them for the 
recording of additional data. 

k*2.k P rogramming Considerations 

nn~ differ section of the buffer drum is arranged such that each group con- 
sists^ SsS 2l each slot consists of 1.00 octal registers. The registers 

hring in consecutive registers vhich are physically eight »«***[£■»?"£ wo- 
flt,™ anrface This fact, however, does not require any consideration by the pro 

S«eT£nce i?£SVta automatically in the *™ S^^™^ 
g.xcMuu^ «j„-u+ -in+g n f e aeh group may he considered separate en-wxieB. 

EVSSV^S « ^ll^atT^e and then to go on reading any other 
slots with individual block-in instructions. 

To read from any given slot, the following program may be used: 
ca RC (starting drum slot address) 

si 713 (o) 

ca RC (number of words to be read < 377 (o)) 

bi RC (initial address of block of registers in MCM to which the con- 
~~ tents of the slot will be transferred) 

m ,«*«. to read in SDV information it is clear that one is only required to read 

^ + ~/^Lr? however ftor FST-2 inputs one may be required to read up to 
f^lotfper^rT^er^ L'cept aS incoming information from that radar. 

t.2.5 Mapping 

Data frcm radar sources often contain considerable clutter and noise in addi- 
tion to^turL^m aircraft. It is desirahle to eliminate such information, if 
WssihLr^r to recording on the buffer drum. In order to accomplish this a 
Scnni^e Slled "mapping" is available. Data is displayed <**»£**?* ^ 
oscilloscope aM a hlan operator attempts to map (cover up) «>at data *"£* 
?eels is uniesirable or meaningless. A photocell mounted above this oscilloscope 
reels is ^ SB "™"~* . f f tte Bva tem that data which was not mapped, 

then only transmits to the rest or tne syswau u»j "~™ _»„ -•.+_,, therefore. 

MappiSin connection with FST-2 Inputs is normally done at "f^;"^' *™itw 
Vt^^f ™* remiire consideration in connection with use of the Whirlwind facility. 
Ho^vlr, SapTing 2 connect^ with SDV inpits is normally done at the center. 

Mapper scopes are therefore available in the «■**•*»* ""f! 1 ??. ^maSer 
each of the SDV inputs, ard In using SDV inputs care must be taken that the mapper 
scopes are properly set up and operating. 
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lj.,2.6 Programmed Checking of Biffer Drum 

Under normal operation, recording in the buffer section of the buffer drum 
is done only by input equipnent, and the computer only reads these groups; however, 
it is^ccSonllly necessary for maintenance pirposes to record on these groups, 
and this is possible with specially constructed programs. Discussions of such 
programs are beyond the scope of this memorandum. 
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k.3 CROSSTEU. SYSTEM 
h. 3.1 General 

The Whirlwind In-Out System includes a complex and flexile group of equip- 
™,„ + ^Tt^S CTovmd-to-ground crosstell of various sorts. These equipments per- 
^fteto^ut fna ^tp^crosstell operations and, in seme cases, pemit somul- 
^eo^s c^teU^npXarf crosstell output. Sa»e of the crossteU equipment 
u^es the taf fer druHs a buffer storage medium; other crosstell techniques per- 
^"cL^ieation with T*^J^«£«2gZ. T™J*Zs 

^ *° US V e SiirS STion ^manTe^sru^crclSu equipment inter- 
concerning details of operation. ^ J 1 *^ <• > f crosste U equijment 

r^S IwSng SSS IZ « ieS af^rioieTabfing changes. V 
SmSu^^n dS^he^asic techniques, tat vill It detailed equipnent 

description and detailed format considerations. 

The basic techniques include the following: 

(a) Input crosstell of 85-bit (SAGE format) messages via the buffer drum. 

(b) Crosstell output on a bit-by-bit tesis under direct control of central 
computer. 

(c) CrossteU output of 8 5 -bit messages via a ^^J^£#^Z** 
in-out system. This facility is normally called the Height Coder and 
S described in Section k.k. It should be noted^ however, that it may 
equally well be used for crosstell outpat in SAGE format. 

(^ rrosstell outwit of special messages in connection with time division 
( ' SSTSS SSS.? T?is system is called the Digital Output Coder, or 
D« «S«r«a is described in Section U.5- This system employs por- 
tions of FStT channels which are then unavailable for normal radar 
input. 
This section of the memorandum (Section k. 3) will describe (a) and (b) above. 

k. 3.2 Crosstell Inpit 

The crosstell input system at WhirlwiM normally accepts 85-bit >^"^ s ^ er 
incanSg phone lines, checks parity bits within this -^^/^^^ 
«orro -in+n -carts for storage in consecutive registers or the ouiier section . ~L 
^lerlrum^rossteU^fssages arrive asynchronously a* the crossteU inpat sys- 
tem can handle input messages at the maximum phone line rate. 

The technique for splitting the 85-bit word and depositing it on the buffer 
drum iTrS complex (L oxder to minimize ^f^t) and the fo^ arrangement 
is shown in Figure 13- The message is split into essentially ten parts and five 
connive renters are used in each of two slots of the Wf.rar»a orter 

fM ^Z^S^^SZZZZ ^hefSSuft SSS^ 
JESFi&to sc^bSd bits! 6 SSLg from the buffer drum slots for crossteU 
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<™,+ m ^onnlished in normal fashion, as described in the Radar Input section 
input is accompiisnea in noiw*x , ^ however, that after each "read" 

of this memorandum (Section 4.2). It is sugges-Dea, nowevci, "« 
a \»rtty^tecTand a "count of five" check be made. Since the parity of each todi- 
vXal worf is not checked by the input equipment, the program should check them 
£*™ «£v are used. To insure that all five words of each message are "corded, 
^TotafLmSr of-reans" should he checked. If this total is not a multiple of 
five, the program could recognize that an error has occurred. 

In normal fashion, the reading of continuous crosstell input would Iwto. 
field switching. Each time the fields are switched, however, it should be remem- 
Sret tnattwf slots must he read to bring in all crosstell input data. 

4.3.3 Crosstell Output (Bit by Bit) 

1*. whirlwind Crosstell System includes a facility for producing output cross- 
tell melsa^s onl bS-bytblt bfsis uMer direct control of the central computer, 
fevtral sforders are reserved for specifying the value of output «*••**■£■ 
tw£r ^he execution of an si MO instruction transmits a single 1 bit cm the 
^^iJa^Tthe Mention— f an si *00 instruction transmits a single "0" on 
^ho^T liSf In aSlTusing thJs equipment, it is appropriate, however, to 
E^f£ji£' sySh^^Ihe saltern and'clear any old inf oration. A normal pro- 
gram would then look as follows: 

si ^20 Synchronize system 

si HOI Clear equipment 



(followed by strings of si ItOO and si MO instructions) 



TMta are transferred by the output equipment at a 1300 cps rate, and in using this 
Iys?eHhe^ntS^cSuter wails for a completion pulse in the operation of each 
sf ^t^tion^refore, the programmer doe. not have *"*££££? S 
fSnsiderations, hut may merely string together appropriate si instructions, either 

T^Sg or a cyclic loop, without timing difficulties (as long as the 
cyclifloop does not incite more than several hundred microseconds of time). 

With this technique, messages of any desired format may be ge ne ~*edJ liow- 
ever, it is to he noted that for normal applications, format restrictions on the 
receiving end must be carefully followed. 
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I4..U SEMI-AUTOMATIC HEIGHT FINDER REQUEST CODER 

A Height Request Output Coder (HP CODER) is part of the special input-output 
system at WWI. The HT coder design requires the use of the present crosstell In- 
put and output system (XT) for its operation. Therefore, when the HT coder is in 
use, the XT is disabled (with a switch in TC). When the HT coder is not in use, 
the XT will function normally. (See Section 4.3.1. ) 

Each height request is initiated by an in-out order, si 6. This order will 
select the HT coder and prepare it to receive information from the computer. The 
desired information (5 words) may then be transferred to the HT coder by a series 
of 5 re orders or by a single bo order. The following is a sample program with 
re orders: 

si 6 

ca wl RC first word 

re 

ca lwl RC second word 

re 

ca 2wl RC third word 

re 

ca 3wl RC fourth word 

re 

ca Wl RC fifth word 

re 
The following is a sample program with bo order: 

si 6 

ca cl RC + 5 

to wl RC first word 

The HT coder will process the information Immediately after it has received 
the fifth word. Ode si 6 order must be given for each height request. The new 
coder will process and~transmit the height requests according to the SAGE format, 
using a five -bit sync system. The most significant bits of the five interlaced 
words are transmitted first. Although there are five interlaced words in a mes- 
sage, only the first four words may contain the height request information. The 
fifth word must contain all zeros. In addition, certain bits in the first^ four 
words must contain neros. Otherwise, the entire message may be rejected by the 
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height finder equipient at the site. A sketch shoving the format and those bits 
that mist contain zeros is shown in Figure 1^. The insertion of the parity hit is 
made by the coder automatically. 

The programmer should allow sufficient time (70 - lfc> milliseconds) for the 
transmission of HT request before attempting to use the HT coder again. Other- 
vise, the computer vill be stopped on the second si 6 to wait for the completion 
of transmission of the first request. No inactivity alarm will result, but TO 
milliseconds of computer time vill be wasted. The computer time required to 
initiate one HT request is approximately 270 microseconds vhen re instructions 
are used, and 150 microseconds when bo is used. 

If the si 6 is followed by more than five re orders, the computer would hang 
up on the sixth re order and an inactivity alarm will result. If less than five 
re orders are give"n, then that request is ignored and the next si 6 will clear 
the HT coder for a new request. 

In using the HT coder it is important to properly synchronize and clear the 
output Crosstell equipient just before the first transfer of a message. This is 
normally done by preceding the above programs with the following two instructions: 

si ^20 Synchronize system 

si 1*01 Clear equipment 

Although these two instructions may not always be necessary, it is preferable to 
employ them for safety pirposes. 
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k. 5 DOC SYSTEM 

The Whirlwind in-out system includes a special set of equipment which was 
designed for studies of the time division data link. This equiiment is basically 
a form of crosstell output equipment and permits the generation of output mes- 
sages as a function of combinations of normal Whirlwind words. When this system 
is in use, several other portions of the in-out system may be disabled. See 
Section k.3.1. This section of the memorandum (Section k.5) is abstracted from 
6M-5551. 

k.5.1 General 

The Whirlwind DOC Output System employs two shift registers and two phone 
lines which simultaneously transmit each half of the DOC message. Four 16-bit 
words per me ssage (2 per phone-line) must be transferred from the computer to the 
shift registers. Although each message contains five parity bits, the programmer 
can control only one of these; namely, the sub-parity on phone line A. The other 
four parities are automatically inserted by the computer at the time of transfer 
to the shift register. The "sync" and timing pulses are supplied by the output 
coder which is used for both DOC and crosstell. In order that the receiving 
equipment at the site will see a good message every "sync box," a recycle mode has 
been incorporated in the output system which will cause the last message trans- 
mitted to repeat indefinitely or until the prosrammer inserts a new message into 
the system. 

In order to conveniently use the DOC system for operating equipment which is 
distant from Whirlwind, it is helpful if the output can be monitored at the com- 
puter. This has been made possible by the installation of a DOC input system which 
permits output messages to re-enter the computer and thus check on proper function- 
ing of the output equipnent. This input system is normally used only for such sys- 
tem checking. 

U.5.2 Format and Programming 

The phone line message format is shown in Figure 15 along with the correspon- 
dence between core memory digits and phone line digits. All parities are even 
except the sub-parity on phone line A which is odd and is determined by the pro- 
grammer. Note that parity bit, Pg, on phone line A is calculated on the basis of 
the preceding 16 digits, including the sub-parity, P 6 - 

Programming for the DOC output system is normally accomplished in the follow- 
ing manner: 

si k20 Delays transfer until sync pulse arrives (synchronization) 

si U22 Permits transfer to shift Register A 

ca (A.)* (See Figure 15 for definition of A^) 

re Initiates transfer 

si hl2 Rjrmits transfer to shift Register B 

ca (B.) (See Figure 15 for definition of B^ 

re Initiates transfer 

si too Causes a high-speed shift of 17 digits to take place to make 
room for next transfer 

* ( ) = Register containing 
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si k22 
ca (Ag) 

£2. y Same as above, only second half of each phone line message 

si 412 

ca (B 2 ) 

re 

— J 

The even parities, Pi, P 2 , P3 and P^, are automatically inserted by the computer 
based on the programmer's choice of A ; , A2, ^ and B2. The only restriction im- 
posed upon the choice of these four 16-bit words programwise is that of satisfy- 
ing the sub-parity, P s , (Label Parity), on phone line A. The first six digits of 
Ao must contain an odd number of "ones" (actually digits 10 through 15 in core 
memory). Whether or not P s should be a "zero" or a "one" can either be determined 
by programming or predetermined at the time the constants corresponding to the 
various A2 ? s are inserted into the program. 

Executing the instruction si teO before attempting a computer to shift regis- 
ter transfer, prohibits the destruction of any previous message that might be in 
the process of shifting out of the shift register. All transfers are performed 
during the 15^0 microsecond period (2 x 770 usee) after "sync," where 770 usee is 
the time between pulses from the shift register. The transmission time for an en- 
tire message is approximately 30 milliseconds (kO x 770 usee). Thus, approximately 
29. 3 milliseconds are at the disposal of the programmer between successive mes- 
sages. As shown in Figure 15, the 15th bit of each word is the first to appear on 
the phone line, and so on down to the 0th bit or sign bit. 

The recycle mode, unless suppressed, will normally be in operation, thereby 
maintaining phone line saturation regardless of whether or not the DOC system is 
being continuously driven by the computer. Since a computer-generated message 
will always take precedence over the recycle mode, no computer-generated messages 
will ever be destroyed by the recycle mode, and therefore it is not necessary to 
suppress the recycle mode to avoid interference with computer-generated messages. 

The DOC output system normally uses two FST-2 channels (C and D) which are 
thus normally not available for radar input when the DOC system is in use. 

1*..5.3 The DOC Input System 

Programming for the DOC Input System is essentially the same as programming 
for reading the drums in connection with the FST-2 system. The input system can 
record on the following slots: 

0.00002^1 DOC (FST-2) 

1 0.01002 J System "A" (System B) 

10 0.0U0021 DOC (FST-2) 

11 0.05002 J System "B" (System A) 



Aircraft 
Addraas 



3 < 



-Spares 



*,,*,,, *, e b,, P_ S 2 



Lin* A. 



2- v»iv J %' 5 ^'.' J '»'u- u 'i,i»'«v' l \VA' ! '. ^VA'uV^^ 1 "^ P * 

< J L 16-bit referred toMAg 



Corresponding 

Digits In 

Com (team? 



__l6-bit word referred touAj- 



15 1U3 12UW9 8 7 6 5 * 3 2 1 OX 



15 1*13 121110 9«76 5 * 3 2 * ox 



*«- 



InfOXBAtiOO- 



- Information- 



Phone 
line B. 






p. s. 



Corresponding 

Digits In 

Cor* Memory 



13 1M3 12 11 10 9 B 



T j j k 3 i 1 xUlittUM 9 «T « M J « 1 • 



* 



Figure 15 
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Since the actual recording on the drums is more or less pandon, depending upon the 
number of empty registers in each slot and the position of the drum at the time 
the record ^initiated, a particular message may he recorded on one of two slots 
^a 2 any empty group of three registers. If one starts initially with all slots 
cSared^nd recoxlTtSo messages, it is evident that either or both messages may 
L recoiled on a particular slot and that the first message may he **<wto4in a 
higher register address than the second message. Thus, under the most general 
cafe! a"rogrammer would have to read all four slots in order to he positive of 
finding hothoTeither of these messages. After both messages are real, the prob- 
l«f of determining vhlch was first recorded (in tiae) still exists. Since each 
sSt has a "pLtty of 8 5 messages, It is not necessary that two slots per phone 
line be used with the DOC system. The drum reading ti*e ean be cut in half if the 
pr^graimner initially fills up, say, slot. 1 and 11 in both field A and B and does 
not read these two slots for the remainder of the test. This procedure will force 
the recording of all messages on slots and 10. 

Four digits of the Whirlwind Timing Register (clock) will be recorded along 
with ea^n meisage, as shown in Figure 16. If the clock is cleared (si 11) before 
lendinreach bursi of messages, the ti*e tag will indicate which message was re- 
dded first, and so on. The four Time -of -Arrival digits (t/a) correspond to 
2/15 1/15 1/T, Si 1/60 of a second. Bursts of greater than eight messes may 
result in Lnbiguous time tags, since an end carry will cause the clock to return 
the four digits to the original cleared state. 

It should be recalled that if a burst of messages is being recorded on, say, 
Field A, a switch fields (si 73"0 must be programmed in order to read these mes- 
sages frcm Field A. Also,~wbile one is reading Field A, the messages being sent 
via the recycle mode are being recorded on Field B. Figure 16 shows the corres- 
pondence between phone line digits and drum digits. 

On the assumption that the DOC system was to be used entirely for sub-systems 
testing, it was decided to cause all messages to be recorded on the drums regard- 
less of whether or not the parity requirements were satisfied. 



PHONE 
LINE A 



DRUM DIGITS 12 3 



i* 5 6 7 8 9 10 11 12 13 1^ 15 



SUPER 
REGISTER 



Reg. r 



< Reg. r + 1 



Reg. r + 2 



«-T3ME OF ARRIVAL 



'., •, •>, « 6 «, 1 - 3 •. *1 - «*> 1/15 1/3 ° l/6 ° 



-^ 



\ b 3 b 2 b l P l a l6 a 15 a l"» a 13 a 12 a ll a 10 



b 10 b 9 b 8 b 7 P s " P 2 b l6 b 15 b H* b 13 b 12 b U b 5 



I 

o 



PHONE 



SUPER 



LINE B REGISTER 



Reg. r 



< Reg. r + 1 



Reg. r + 2 



U-TIME OF ARRIVAL-* 
*., c, =, « 6 o, c» = 3 c s =1 ~"V» V» V30 1/60 

=4 



d lf d 3 d 2 d l P 3 °16 c 15 C l^ C 13 °12 C ll °10 



d 10 d 9 d 8 d T d 6 - *V d l6 d 15 d l^ d 13 d 12 d ll d 5 



Lower Case letters are defined in Figure 15 . 



Figure 16 
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k.6 TELETYPE SYSTEM 

There are two teletype systems at Whirlwind I -- the Teletype Input System 
and the Teletype Output System. The Input system transmits information to the 
computer via the input buffer drum. The Output system uses a direct connection 
between the Whirlwind In-Out register and the teletype control system. 

The teletype systems being used operate at a maximum rate of 60 teletype 
words per minute; in teletype terminology a word is defined as averaging six 
teletype characters, and each teletype character requires five bits. 

lt.,6.1 Teletype Input System at WWI 

The computer input system permits up to 255 (d) teletype characters to be 
written on one slot of the buffer drum. Input teletype utilizes slot 5 of 
groups 0. and Or (address 1.01003) of the input buffer drum. Since a teletype 
word is lefined as six teletype characters, the slot will be full unless read 
in 255/360 minutes or 1*2.5 seconds with continuous transmission at the maximum 
rate Buffer drum field switching must be considered in normal fashion; i.e., 
when the input teletype equipment is connected to Group A the computer is 
connected to Og, and vice versa. To read continuous teletype input it would 
be necessary to switch fields after reading one full group, etc. 

Each character of the teletype message appears in the sequence in vhich 
the characters were transmitted in separate registers of the drum slot. With 
a clear drum (be sure that the drum is cleared before attempting to transmit 
any information), the first character received appears in register 1, the 
next in register 2, the next in register 3> etc., (of the slot). Each 
succeeding teletype character takes the first empty register starting from 
register 1. The teletype character appears in the last five bits of each 
register in teletype code. Since a teletype character may have two aj^ft 
meanings as a function of whether there has been a previous letter shift or 
"figure shift," the input teletype equipment "remembers the most recent figure 
shift or letter shift and adds an extra bit to the five-bit teletype message 
to permit the program to distinguish the otherwise ambiguous five-bit codes. 
The five-bit teletype code shown in Figure 1J, is converted to a six-bit code 
before being deposited on the buffer drum (Figure 18). 

To read slot 5 for the input teletype, the following sample program may 
be used: 

ca RC (initial slot drum address 1.01003) 

si 713 Read from the buffer drum 

ca RC (number of words recorded < 377) 

M RC (initial core address) 
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FIVE DIGIT TELBTUKB Ci. 



Teletype Code 


Letters 


Figures 


Digit Numbers 
12 3^5 


110 


A 


- 


10 11 


B 


? 


1110 


C 


• 
• 


10 10 


D 


$ 


10 


E 


3 


10 110 


F 


t 

• 


10 11 


G 


& 


10 1 


H 


# 


110 


I 


8 


110 10 


J 


* <trSSbe) 


11110 


K 


( 


10 1 


L 


) 


111 


M 


. (period ) 


110 


N 


9 (comma) 


1 1 





9 


110 1 


P 


(zero) 


1110 1 


_...Q 


1 


10 10 


R 


k 


10 10 


S 


Bell and line feed 


1 


T 


5 


1110 


U 


7 


1111 


V 


• 


110 1 


W 


2 


10 111 


X 


/ 


L0 10 1 


Y 


6 


ioooi 


z 


OiOOOO 


Blank (no action) 


11111 


Letters shift 


10 


Space and letters shift 


10 


Line feed only 


10 


Carriage return and line feed 


110 11 


Figures shift 



Figure IT 






Binary Rep- 
resentation 
of Bits 
10 - 15 



000000 

000001 

000010 

000011 

000100 

000101 

000110 

000111 

001000 

001001 

001010 

001011 

001100 

001101 

001110 

001111 

010000 

010001 

010010 

010011 

010100 

010101 

010110 

010111 

011000 

011001 

011010 

011011 

011100 

011101 

011110 

oiini 



Octal Repre- 
sentation of 
Bits 10 - 15 




Binary Rep- 
resentation 
of Bits 
1 - 15 



100000 

100001 

100010 

100011 

100100 

100101 

100110 

100111 

101000 

101001 

101010 

101011 

101100 

101101 

101110 

101111 

110000 

110001 

110010 

110011 

noioo 

110101 
110110 

noni 

111000 

liiooi 

111010 

moil 

111100 
11.1101 
111110 

liini 



Octal Repre- 
sentation of 
Bits 10 - 15 



UO 

in 

k6 
hi 
50 

51 
52 
53 
5*f 

55 
56 
57 
60 
61 
62 

63 
6k 

65 
66 

61 
70 
71 
72 
73 
lh 

75 
76 
77 



Character 



Unassigned (unused) 

|5 

Carriage Return 

9 

Space 

# (unused) 

7/8 (unused) 

. (period) (unused) 

Line Feed 

3A 

k 

& (unused) 

8 

(zero) 
l/8 (unused) 
3/8 (unused) 

3 x 

n (quote) (unused) 

$ (unused) . 

5/8 (unused) 

Bell, 

6 

1/k 

I , 

- (hyphen) 

2 

* (apostrophe) (unused) 

Figures Shift 

7 

1 

1/2 

Letters Shift 






Figure 18 
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k.6.2 Automatic Te letype Output System 

located at the Barta Building. 

The teletype output system accepts one word at a %^£™£* 

SS te^^hles to the output system in approximately the 
proper time sequence, 

^ x * +vw* tar a -M-fteen-diKit "buffer register transfers five 
On the output of the ICR a f ^ een .^, J 1 -, teletype transmitter 

A teletype word is defined as six ^iTS! teletype character has teen 

to two fifteen-digit WX wo rds . ) AT ter th *^£ ^ x ^ luffer r ^ gUr 

transmitted, the two "T^^ZTSSLdttS ttstrihutor. Control circuitry 
are transferred successively tog. *^^ a synchronises the output 
controls the shifting in the ^""J^rf^twlB installed in the Barta 
gSS-TftTS'.SSS^ ■t&ft'SW teletype messages. 

Tn order to avoid the necessity of precise program timing, the teletype 
output^ &Ei the program when a ne^tel etype output = sj ■» 
being made too soon. If one ■J^^.<£U^_ A M»«^ 1 » (syllable B) to 

s?ic-xr .toss t-s^ss* - i— * - ■ 

To transmit a single teletype syllable, the following short program may 
te UBed! ca RC (syllable) 



si U02 
re 



* *w. fk„<ntv for determining if the output system 
U A^*^*££ S £^5-K^^-«*- -* - used: 



Register Contents, 

51 caRC (syllable) 

53 J£ 

5^ ao 51 

55 5£ 
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Assuming a group of syllables are stored in sequential registers when control 
^Sferred to register 51, a syllable is transmitted on the re instruction 
to thTteletype output system aM the eo instruction then indexes register 51 so 
tLt thfn^^SrouIh the programrthe next syllable will he procured. How- 
AW t- if the teletype output system were not prepared for the new syllable, tne 
^iUrucfioTis *S«« ta t not completed. The R is irfexed by «•£«*«£ 
W and instruction 5^ is omitted. Under these d«m. tta address^ sec 
tion of register 51 is not indexed and the program will still try to send the 
same syllable, next time through. 

To illustrate the format of a teletype syllable, the three-character word 
-THE-^s St Tpietorially in a register in Figure 19. tt. **"£*** 
in digits one through five, the "H" in digits six through ten, and the E in 
digits eleven through fifteen. 



PTCTORIAL BEiKESENTATION OF A REGISTER CONTAINING A TELETYPE SYUABLE 



Figure 19 



o 



Digit > 



Digit 

Contents 






1 


z 


3 


4 


5 


6 


7 


8 


9 


10 


II 


12 


13 


14 


15 

















1 








1 





1 


1 











°. 



Sign 
Digit 



/ 



T 



H 



E 



-4 
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1^.7 jgOGRAMMED CORE CLEARING 

A special mode of clearing magnetic core memory -can be fleeted by the 
special «u^ vhich initiates the process of reading +u 

use of the instruction si 17 W wmen " U - Ui " * -where v is the 
* + « wi«,.v nf registers* thereby clearing them. AMy; vnere y is w« 

For example* the following octal program: 

si IT 

ea RCn (n is number of words in AC) 

M RCy ( y is initial register address of the block) 

On* a ce^in nuiter of registers fro. ^-f^STSiS^I^ 
If these registers appear consecutively in the two fieias "^ f 

one of the above sequences of instructions is necessary, for ins 
^1 ?«=t reristers of the first field being used and the first registers 
T + £ otfalf field SeisTused are to he cleared, only one sequence of 
?L£u=2o£ is^ecels^y However, if the registers are not consecutive, 
SeWe sequence of instructions Bust be repeated. 
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sectiqk v 

COMPUTER MARKS 



they may occur. 

5.I ARITHMETIC CHECK AIARM OR OVERT!/** AIAHH 

Misuse of any one of the following nine WWI instructions would result in 
the afitn^t?c cScHlaL The occurrence of this alarm due to programing 
can he caused only as specifically noted. 

ah- if the ahsolute value of the sum of the contents of register x 

- and the contents of the B-Register is greater than or equal to 

1; i,€ " |c(x) +C(BR)j >1 



ca: 



cs: 



ad: 



su: 



if the ahsolute value of the sum of the contents of register x 
and the contents of special add memory times 2r^> - X; i.e., 

|c(x) + C(SAM) 2-15[ » 1 

it the ahsolute value of the difference hetween the contents of 
siSal 52 memo™ times 2-15 and the contents of register x equals 

15 i,e " |-C(x) +C(SAM) 2-V\ « 1 

if the ahsolute value of the sum of the contents of the accumulator 
and the contents of register x is greater than or equal to 1, i.e., 

|C(AC) + C(x)| >1 

if the ahsolute value of the difference hetween the contents erf 
the accumulator and the contents of register x is greater than or 
equal to 1; i.e., | c(AC) . c(x) | > x 

if the ahsolute value of the contents of register x plus the contents 
of special add memory times 2-15 equals 1; i.e., 
^ |G(x)| + C(SAM) 2-15 • 1 

if the sum of the contents of register x and 2-15 equals 1; i.e., 

C(x) + (1 x 2-15) « 1 

,lr- if the ahsolute value of the fractional contents of the sum of the 
— ' contents of the accumulator and the contents of the B-Itegister, 
times 2 to the nth power plus the roundoff from the B-Register, 
equals one; i.e., | F ^ + ») *} ♦/■! -1 



cm: 



ao: 



m orm ^S 6 100 

2M-02TT 

bit 0: if the contents of the accumulator plus the roundoff from the 
B-Register are equal to 1. 

5.2 DIVIDE ERROR AIARM 

This alarm occurs because of programming only if the absolute value of 
the contents of the accumulator is greater than the absolute value of the contents 

of register x; i.e., . . , . 

|C (AC)| >|C(x)| 

5.3 DRUM IHTERIACE AIARM 

This alarm occurs when information has been requested from the drums and 
none has been received after two complete drum revolutions. Although this alarm 
can be caused by programming, its occurrence usually indicates a computer mal- 
funtion. 

5A DUPLICATE FIEID AIARM 

This alarm occurs upon simultaneous use of a field of core storage by 
Group A and Group B control. The reading in of duplicate numbers into Group 
A control and Group B control stops the computer and lights the "Field Dupli- 
cation" alarm light*. 

5.5 ILLEGAL TIBID AIARM 

This alarm occurs when a group control register requests the non-existing 
group 6 or 7« 

5.6 AHEIEX AIARM 

This alarm light on TC3 will be lit by each one of the following alarms 
which will cause alarm lights to be illiminated at the Anelex machine itself 
and on the Anelex control panel on TCI. 

5.6.1 Baper Alarm 

(1) This alarm may occur because of failure to receive a start 
pulse if the programmer fails to select one of the six format positions. The 
computer hangs up within the bo instruction unless the control register appears 
as the last word in the block, in which case it hangs up at the beginning of 
the next Anelex printer bo instruction. 

(2) This alarm also occurs on a paper feed if the previous paper 
feed failed. The computer stops and printing ceases. 

(3) This alarm occurs if the printer is allowed to run out of paper. 

5.6.2 Ribbon Alarm 

If the Anelex ribbon fail! to advance due to equijment Malfunction, an 
alarm is given and the computer stops when the Anelex is selected. 
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5.6.3 Format Alarm 

This alarm occurs when an illegal foznt or a multiple format is selected. 
Only one format can "be selected at a single tine. 

5.6.U Alarm Counter 

If the programmer fails to call for a paper feed and continues to print 
information for several lines, data would he lost and the printer might he 
damaged. To avoid this every time a control register is blocked out or group 
control is indexed, a counter is automatically also indexed. If the counter 
reaches eight, which can be seen in the Anelex flip-flop control panel in TCI, 
an alarm is given and the computer is stopped. If a paper feed is initiated 
before the alarm point of eight is reached, the counter is cleared. 

5.7 CHECK REGISTER ALARM 

A check alarm may occur as a result either of computer malfunction or 
deliberate programming. 

5.7.1 Equipment Malfunction 

If the check alarm occurs on time pulse k or time pul*e 7 of any order, 
or on time pulse 1 of any order except ck, it may indicate an actual equipment 
malfunction, resulting in a transfer check alarm. 

5.7.2 Programmed Check Alarm 

If the check instruction is operated in normal mode, a check al^rm Including 
a computer halt may be used as a normal planned procedure (see Section II). The 
check order in this mode is commonlv used by the Utility System to check informa- 
tion on paper tape. If, for example, a check alarm occurs during ™^-^ v ™ 
PC - 1C*, it most likely indicates an error in the tape has been uncovered by 
a sum check. 

5.8 PRCX51AM AIARM 

While an in-out unit is operating in the read mode, the program must complete 
rd instructions to take information from the KB before any more ^^£*\ ** 
deposited there by the in-out unit. Should another word arrive ^ OT . ^2V ** 
first word has been read from MR, a program al^rm will occur. This situation can 
arise only with the free-running units (the magnetic tape and l***^^*** 
reader). In general this alarm indicates information arriving in the ***** 
the computer is not ready for it, and since it is not known whether or not this 
is an error, the program alarm is given. 

Should the Ferranti reader or magnetic tape be selected with too much delay 
between the si and rd instruction, a program alarm results. The IGR is not cleared 
and information is read from the Ferranti photoelectric tape reader or magnetic 
tape over information already in IQR. 

If the computer is stopped while the Ferranti reader is in use, the Ferranti 
is not de-selected, and if the tape is pulled forward manually a program alarm 
will be generated. 
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A zero length block transfer should not be uied with the mechanical tape 
reader Scause^uch an order (hi with ± in AC) actually read* a line or word, 
which will he lost, from the paier tape. A program alarm may occur. 

5.9 IHACTIVITY AIARM 

Tf th« computer is in "stop clock" for more than about l/2 second, an 
inactW alaT^s generally gfven for computer has waited too long f creation 
Til operation. Hoover, this alarm will be »W*Bsed *hen *e ^ perf orming 
in-out instructions connected with the magnetic tape equipment, the paper *ape 
*L?wLn+ th* camera or Terranti photoelectric tape reader, since the computer 
can le^t^^^n "sto^Sc*" f or periods of this length when Ifcese units 
a« ££?££* ^entlfthis alarm results from a programming error such 
as using re or bo with an si which should be used with an rd. 

5.10 MASTER ALARM 

This alarm occurs whenever any alarm occurs (except a continu ous alarm 
caused *y a stop on an si 0, an Anelex alarm, or a core memory clear alarm). 

5.11 CORE MEMORY CLEAR AIARM 

This alarm occurs when either one of the two protected push buttons, cl*ar 
core fields, and clear Group B, is depressed. 

5.12 MULTIPLE SEIECTOR AIARM 

This alarm occurs when two orders are selected at once due to computer 
failure . 

5.13 PARITY AIARM 

A -sarity check system is used with storage on magnetic core memory and 
magnetifSuL? An additional parity digit is recorded with each register on 
STLum and the cores, and whenever a word is read from ** «™ «*?• *£* 
alarity check is performed and a parity alarm given if parity does not check. 
?h£ aSrm usually indicate, a computer malfunction but may also occur as a 
result of an attempt to "bi" or "rd" from an illegal drum group. 

$.lk CORE MEMORY CHEEK AIARM 

This alarm occurs with a failure of the control system of core memory, an 
equipment malfunction. 

5.15 COHTHKKXIS AIARM 

This alarm indicates that other alarms are being given in a ^ntinuous 
fashion It normally only occurs in conjunction with machine malfunction or 
o^raUon in some social machine mode (e.g., with other alarms suppressed by 
special switch action). 
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SECTION VI 



COMMON SWITCHES AND PUSH BUTTONS 



The Whirlwind computer* unfortunately* contains a very large number of 
switches* buttons* knobs and keys. Most of these are meant to be left alone 
but a few common ones are intended for programmer use* and the most common of 
these are listed below with an indication of function. 



Type 

of 

Switch 



P.B. 



P.B. 



P.B. 



P.B, 



P.B. 



P.B. 



P.B. 



P.B. 



P.B. 



Name 



Erase Cores 



Read In 



Start Over 



Start Over 
from Ba. 222 

Start at 35 
Start at *iO 
Clear Alarm 
Stop 
Restart 



Location 



Console* TC5 



Console* TC3 
+ TC6C 



Function 



Console* TC3 
+ TC6C 



Console* TC6C 



Console* TC3 
+ TC6C 

Console* TC3 
+ TC6C 

Console* TC3 
+ TC6C 

Console* TC3 
+ TC6C 

Console* TC3 
+ TC6C 



Changes whole surface of every register 
in the cores to plus zero. Do not press 
unless computer is stopped. 

Stops computer* if running. Resets PC to 
beginning of read- in program register 32 
(o). Restarts computer which then reads 
in the tape through PETR. The Flexo- 
reader may be used by putting a special 
read-in program in Toggle Switch Storage. 
At the end of read-in the program starts* 
or the computer stops if the STOP on si 
1 switch is on. 

Clears most flip-flops in the computer* 
resets Flip-Flop storage* resets PC to 
number held in PC Reset Switches* and 
restarts the computer. 

Enables START OVER button on E-31 to ini- 
tiate the above action. 

Same as START OVER except resets PC to 
35 (o). 

Same as START OVER except resets PC to 
kO (o). 

Clears alarm indication (lights) any time 
and that is all. 

Stops the computer from any state. 



Restarts the computer from P.B. mode. 
Does not change PC. 



2M-02T? 

Type 

of 

Switch 



Page 10k 



P.B. 



P.B. 



P.B. 



P.B. 

P.B. 
P.B. 

P.B. 

T.S. 
T.S. 
T.S. 

T.S. 



Name 



Order "by Order 



Examine 



Reset ALL FF's 



Location 



Clear 

Complement 
Index Camera 



Scope Illumi- 
nation 



Program Check 
on Special Mods 

Stop on si 1 



Stop on si 11 
and si 12 



Stop on Selec- 
ted Pulse 



Console* TC5 
Console * TC5 



TC5 



Function 



TC3 



TC3 

Camera* Con- 
trol Panel* 
TC6C 

Camera* Con- 
trol Panel* 
TC6C 

TC6C 



Console* TC6C 



Console* TC6C 



Console* TC^ 



If computer is stopped* restarts it. 
computer run to next TP5 and stops. 



Lets 



Starts over and runs to TP5* enabling you 
to inspect in the PAR the contents of the 
register whose address is in the PC Reset 
switches . 

If computer is stopped* resets all digits 
of all Flip-Flop Storage registers to 
numbers specified by Flip-Flop Reset 
switches. 

Clears all flip-flops; i.e.* sets them 
to +0* 

Complements contents of all flip-flops. 

Initiates the index cycle which indexes 
the camera one frame independent of the 
computer. 

Illuminates the scope located on TC6C 
for the length of time that the button 
is depressed. 

See Section 2.7 ck instruction. 



If switch is on (UP)* lets si 1 stop 
the computer. 

If switch is on (UP)* lets both si 11 
and si 12 stop the computer. See 
Section 3.10.1* 

When UP* this switch enables the com- 
puter to stop on any order or orders he 
may desire and on any particular time 
pulse of those orders. The desired 
order or orders must also be selected 
in the adjacent set of tiny toggle 
switches. 32 such toggle switches are 
available* one for each instruction. Also 
on this panel 8 push buttons are available 
to select the particular time pulse on 
which a stop is desired. The order 
stopped on will always be in the control 
switch except on TPk when the control 
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Type 

of 

Switch 



T.S. 



Name 



Location 



Stop on Selec- 
ted Register 



Console* TC& 



T.S.'s 



T.S.'s 



FFS Reset 
Switches 



PC Reset 
Switches 



with each set 
of FFS indi- 
cators in TC5 

TC5 



Function 

switch contains si instruction* and on 
TP5 when the control switch contains the 
next order. This does not apply to the 
hi and bo instructions which can he 
stopped on any time pulse. 

When UP* this switch enables the com- 
puter to stop on any order or orders 
with a particular address. This tech- 
nique is extremely convenient in trying 
to stop at a particular place in the 
program. A set of tiny address toggle 
switches must be used to request the 
particular address* and one or more of 
the tiny instruction selection toggle 
switches must be used to select the 
order or orders. Due to close timing* 
a re-start after using this technique 
may skip a register; therefore* this 
technique must be used with some degree 
of caution. 

Specify number to which FFS registers 
will be reset if FFS reset is called 
for. 

Specify number to which PC will be re- 
set on START OVER or EXAMINE. 



Low. 
Case 

a 
b 
c 
d 

e 
f 

g 
h 

1 

J 
k 
1 

m 
n 
o 
P 

q 
r 

8 
t 

U 
V 

w 

X 

y 

z 



Alphanumerical Sequence 



Up. 
Case 

A 
B 
C 
D 

E 
P 

H 

I 
J 
K 
L 

M 
N 

P 

Q 
R 
S 
T 

U 
V 
W 
X 

Y 

Z 



Code 
Value 

6 
62 

3* 
22 

2 

32 
64 
50 

l4 
26 
36 
44 

70 

5° 

60 
54 

56 
24 
12 
40 

16 
74 
46 
72 

52 
42 



8 

9 

♦ 



/ 



TABLE 1 



THE PLEXOWRITER CODE 



Low. 


Up. 


Code 


Case 


Case 


Value 





o 


76 


1 


i 


25 


2 


2 


17 


3 


3 


7 


4 


4 . 


13 


5 


S 


23 


6 


6 


33 


7 


T 


27 



space bar 
carr. ret. 
tab. 
up. case 



6 

15 

35 



21 

31 

11 

5 

10 
51 
45 
71 



low. case 75 

nullify 77 

stop code 6l 

back space 43 

color sft. 20 



The values of such 
characters are equal 
to the sum of the 
weights appearing at 
the head of each column 
in which a hole is 
punched. The seventh 
hole, which comprises 
the right -most column 
in the sketch, 1? uj*ed 
only for control pur- 
poses. The seventh 
hole must be punched 
as part of each char- 
acter which is to be 
read in by the com- 
puter. 



40 20 10 4 2 1 7th hole 




feedholes 



Code 
Val. 

2 

3 
5 
6 

7 
10 
li 
12 

1-3 
14 

15 
16 

17 
20 
21 
22 

23 
24 

25 
26 

27 
30 

31 
32 

33 
^4 



Coded Value Sequence 



k 
3 



Low. Up. 
Case Case 



space bar 
> : 
s S 



I 

/ 

U 



color shift 

) 
d D 



5 
r 
1 
J 

7 
n 



N 

( 
P 

6 

c 



Code Low. Up. 
Val. Case Case 



n 


42 



I 



43 
44 

45 
46 

50 
51 
52 
54 

56 
60 
61 
62 

64 
66 
70 
71 

72 
74 
75 
76 

77 



k 

t 

z 



K 

T 
Z 



back space 
1 L 
tabulation 
w W 

h H 

carr. ret. 

y * 

p p 

q X 

o 
stop code 
b B 



g « 

9 

m M 

up. case 



X 

V 



low. case 
° 



nullify 
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TABLE 2 
THE "FL" FLEXOWRITER GCDE 





tapper 
Case 


Character : 
123*66 


Al-phaxKunarical Sequence 


haracter Decimal 
123456 Value 

111110 62 




Lover 
Case 


Decimal Octal 
Value Value 

6 6 


Lover Upper C 
CaBe Case 

° 


Octal 
Value 


a 


▲ 


000110 


76 


b 


B 


110010 


50 


62 


1 


i 


010101 


21 


25 


e 





011100 


28 


34 


2 


2 


001111 


15 


17 


d 


D 


010010 


18 


22 


3 


a 


000111 


7 


7 


e 


a 


000010 


2 


2 


4 


4 


001011 


11 


13 


f 


? 


011010 


26 


32 


5 


5 


010011 


19 


23 


£ 


a 


110100 


52 


64 


6 


e 


011011 


27 


33 


A 


H 


101000 


fc> 


50 


7 


7 


010111 


23 


27 


i 


z 


001100 


12 


14 


8 


e 


000011 


3 


3 


3 


j 


010110 


22 


26 


9 


9 


110110 


54 


66 


k 


X 


011110 


30 


36 


f 




000101 


5 


5 


1 


L 


100100 


36 


V* 


■pace 


bar 


001000 


6 


10 


m 


N 


111000 


56 


70 


* 


• 


001001 


9 


11 


n 


X 


011000 


24 


30 


♦ 


/ 


001101 


13 


15 


• 





110000 


48 


60 


color change 


010000 


16 


20 


P 


p 


101100 


m 


54 


. • 


) 


010001 


17 


21 


« 


% 


101110 


46 


56 


t 


( 


011001 


25 


31 


r 


A 


010100 


20 


24 


•• 


«»° 


011101 


29 


35 


■ 


9 


001010 


10 


12 


back i 


ipace 


100011 


35 


43 


t 


f 


100000 


32 


40 


tabulation 


100101 


37 


45 


u 


tf 


001110 


14 


16 


carr. 


return 


101001 


fcl 


51 


T 


T 


111100 


6o 


74 


•top 




110001 


49 


61 


V 


V 


100110 


38 


46 


upper 


ease 


111901 


57 


71 


X 


X 


111010 


5* 


72 


lover 


ease 


111101 


61 


75 


7 


I 


101010 


42 


52 


nullUCjr 


111111 


63 


77 


s 


% 


100010 


3* 


42 
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TABLE 3 
THE "FL" FIEXOWRITSR CODE 









Binary Numerical Sequence 








Decimal 


Octal 


Character 


Lower 


Upper 


Decimal 


Octal 


Character 


Lower Upper 


Value 


Value 


123^56 


Case 


Case 


Value 


Value 


123^56 


Case Case 








000000 


not used 


32 


ko 


100000 


t T 


1 


1 


000001 


not used 


33 


kl 


100001 


not used 


2 


2 


000010 


e 


E 


3* 


k2 


100010 


z Z 


3 


3 


000011 


8 


8 


35 


k3 


100011 


hack space 


k 


k 


000100 


not used 


36 


kk 


100100 


1 L 


5 


5 


000101 


1 




37 


k5 


100101 


tabulation 


6 


6 


000110 


a 


A 


38 


k6 


100110 


v W 


7 


7 


000111 


3 


3 


39 


kl 


100111 


not used 


8 


10 


001000 


space 


1 bar 


1»0 


50 


101000 


h H 


9 


11 


001001 


= 


• 
• 


kl 


51 ' 


101001 


carr. return 


10 


12 


001010 


8 


S 


k2 


52 


101010 


y Y 


11 


13 


001011 


1* 


4 


k3 


53 


101011 


not used 


12 


Ik 


001100 


i 


I 


kh 


5* 


101100 


P P 


13 


15 


001101 


+ 


/ 


k5 


55 


101101 


not used 


Ik 


16 


001110 


u 


u 


k6 


56 


101110 


q Q 


15 


17 


001111 


2 


2 


kl 


57 


101111 


not used 


16 


20 


010000 


color 


change 


1*8 


60 


110000 





17 


21 


010001 


• 


) 


k9 


61 


U0001 


stop 


18 


22 


010010 


d 


D 


50 


62 


110010 


b B 


19 


23 


010011 


5 


5 


51 


63 


U0011 


not used 


20 


21* 


010100 


r 


R 


52 


6k 


110100 


g G 


21 


25 


010101 


1 


1 


53 


65 


110101 


not used 

9 8 


22 


26 


010110 


J 


J 


5* 


66 


110110 


23 


27 


010111 


7 


7 


55 


61 


110111 


not used 


2k 


30 


011000 


n 


N 


56 


70 


111000 


m M 


25 


31 


011001 


j 


( 


57 


71 


111001 


upper case 


26 


32 


011010 


f 


F 


58 


72 


111010 


x X 


27 


33 


011011 


6 


6 


59 


73 


111011 


not used 


28 


3* 


011100 


c 


c 


60 


7l* 


111100 


v V 


29 


35 


011101 


- 


^ 


61 


75 


111101 


lower case 



30 


36 


011110 


k 


K 


62 


76 


m.iio 





31 


37 


omn 


not used 


63 


77 


mm 


nullify 
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TABLE k 
WHIRLWIND I INSTRUCTION CODE 



nm - b-tu atgiatar 

JC - If— wHT, aC(l) - diatt lafJC, 0£l£l5 

■ - UdaUr, »(1) - dltB lrf«,0<ltlS 

II - bhfUUr, 11(1) - ±l«tt laTU, OalSIS 



, if Mo) - ; 
if wo) • i 



,»-** 



> - ftaitita UV £ • S SU a«d » 

an - *r— ■ *■'' aid aaaa-x 

CC ) - Orlclatl fraaaata of zarlatar ( ) 
C t ( ) - Ortltaal iimlaalii aT 41(11 1 * mllW ( ] 
H J - PaaEtlaaal pni of taa aaaatltr la { J 
I{) - aBarnU part <tk |i Mllj *t(J 
—4- > ■! atonal 1» 

;-uliia of latiatla aanaMrl 



rtO - U«tt 1 ar UcaT), 04K31 
. toi - - - 



o 

r— 
> 



—T»^p T y 



ASft aa* 

■d 

Caplaas) 



ahlft rlaM 



ouu ii 



nam. a 



cjela ]aft unco jo 



iiusi jo 



1TTT1 ; H 



CjUc) © Cj fc) 

»-aC(i) 

l-o, ..... is 



cCr) . cCam)!" 15 



edc) - cfe) 



|cto|. cCsttB" 3 



r [cue) ♦ cwj 



r*H-fw| 



•fc(lC> ■)!*}♦, 
^ (a Uta. aaa » 



I cue) I 
I CW I 

{If dlalta) 



'fetjfi, 



COCK"* I |c(ic . aW") 

> taaat hi X) ' (actta M-JU 



He . ■>(• - u„ 

— »1CC1) 



— p-ieti) 



(ic . ■)(• » 1 * it) 
— ►■« 
**, _, IS 



c 4 <«c)© e 4 fe) I 

— »a(U 
i-o, — as 



M 



M 



|ew| 



Nrfl 



^7**- 



devLpvUd fcy th> dl£±U pp. nl la 
■121 at«p the «■*»*«-. rt 1 1* ■■eoBdltldoal" step. m«m 
dKU If «1 Mlacts BM)»nrV Mote Etoetrie XKp> "lnlir «ttl 



IT b-*0 «b van. sill be nod bat not tnofcGumd. 3L Is Ktaqolr dlacnbd. 



«.** — . 



atonal la IC. If »4\ aa — -" ' 1 ^ ani 1 



SrIj and I 



i dlaplaj latmliia, d> 1 



■ dtcttai 

e < 



Hits one la Halt 6, 

Hltta w IB digit 9, _ 

"» tat In Halt 7, 1C(5^15|^«C. 



, y(10. 11, ] 
, J<13, », I 



■"■» a> S> «•*• 






Ida T «r dh If |»n C(1C) lata ■» 



a few .c<«)|*i 



C(1C) i«r OrtU eljrICi 



7 la lneatlaa of ap x. 



PoaBihla Irtta. OaarOia- 111 
If |Cbt) ■> C(SM>g-K|. i 



Panrlfala Arltfa. OnarOat Haas 

if |-cfa) ♦ c(aurtt' JS | - i 



Poarlbla J 
lfJcUC) 



if |cd)| . c(sw»- M - 1 



I aT SU daUnadaad kfalaa af < 



C(i) 

qg-^ 5 ) if cfai^cte- 85 )-! 



j B |cttC)|-|c(i)| ~aB * J) 



1 aUn af aC 1> . 



k(K>B)kil 



Wrt*. tmflmir IcOCjl >|c(i)|. ar8 

Jc(K« - IcfaM )< Jal *i. fMla-rf k/ . 
I g CftC) -Cix) - 0, taa^gtaaat to O. 



ulr{c(ac.atM*}*»l-i 

Hjrtta auftad atVcli 




■ art elaara «). tfTSai <Ktt la aat aklfaad. 

rioa laqiliiaialiiil la IC bafon aUAlac aad af*ai 
CT-jUar aff. "Ijn <*«n aat b. a aaro. 



laa elca alctt la aat ■Hftad. ■■ ! ■! I ia aaabeia ata < 
JC aafan aal aftar taa akin. Mtlt £ af art a —at 



a. J-* 5 x<04} —fTketart. > la >aa> taat J> fUcOC • ■) l"Ul| 
rCS-lS) lfeUC.«)-0.t»a.m-JJ. ^ *^ 

^^ laiakba ■ aia ii|1ii ilii I la m tata m* afaar *a 



Slaa 4KU la akUta* atta all attar Sett*, mdta aklftad laft a* af 
IC ata oarrkBl II F aau BIS. la naadaff . la I la|i l aa» « In at IC 

attkar bafaa or aftar taa aUft. BUM 6 t aj« a aaat ta a an 



tor dnai 6 aaec 
avera^ and 16 ■ 
aax. for first wonl. 

additional ward 



»s> 



iltk all ataar dlftta- Uftta aklftad laft aat of , 

j aC*0 a^Toarrtad anaad lata M IS. »» aQnaallal af IC attaar katanj 
j ar aftar ta> aaut. BUS t of cBi a aaat aa a at. Xaabtaetlaa cBt o 



nn 



O 

r— 

> 



ta tt taa aaaaltada aT t 

tla ab aal da opaaaUaaa. taa m la I 



r aai niatalaa fi flalda laadwiail t aiia aa S. at aa- cfcaa 
an aT tanaa flalda ata aatlaa. Tkaaa flalda an llaiilil 
! taraaak 1TTT), aal Oroap > (SOX tanaaj JTTT),. 

- a alll occar If aaat flail la aota a tn aja. 
11 oaear If flail 6 ar 7 aaaeUlal. 



V 



o 

> 





TABLE 5 






DESIGNATIONS OF IN-OUT EQUIPMENT, WWI 
(si addresses for all units) 


UNIT 


MODE OF 

SI ADDRESS 
OPERATION 


UNIT 


MODE OF 

Si ADDRESS 
OPERATION — 


MAGNETIC 
TAPE (BLOCK 
OPERATION ) 


MTO MTI MT2 MTJ 
RE-RECORD, IOO(o) IIO(o) I20(o) I50(o) 
FORWARD 64(d) 72(d) 80io) 88(d) 


AUXILIARY 
DRUM* 


READ, NO CHANGE IN 
ADDRESS SEQUENCE 


700(o) 

410(d) 


READ, SELECT NEK 
INITIAL ANGULAR 
POSITION 


701(0) 

449(0) 


RE-REOORD, IOI(o) lll(o) l2l(o) l5Ko) 
REVERSE 65(d) 73(d) 91(d) 89(0) 


READ, SELECT 
NEW GROUP 


702(0) 
450(0) 


READ I02(o) H2(o) l22(o) l52(o) 
FORWARD *Ud) 74(d) 82(d) 90(d) 


READ, SELECT NEW 
INITIAL ADDRESS 
(GROUP AND ANGULAR 
POSITION) 


705(0) 


READ. lOJ(o) ll5(o) l25(o) l53(o) 
REVERSE 67(d) 75(d) 85(d) 9Kd) 


STOP AFTER lo4(o) ll4(o) l24(o) l34(o) 
RECORD, FORWARD 68(d) 76(d) 84(d) 92(d) 


RECORD,. NO CHANGE IN 
ADDRESS SEQUENCE 


7o4(o) 
452(d) 


STOP AFTER I05(o) M5(o) I25(o) I55(o) 
RECORD, REVERSE 69(0) 77(d) 85(d) 93(d) 


RECORD, SELECT NEK 
INITIAL ANGULAR POSITION 


705(o) 
453(d) 


RECORD, I06(o) ll6(o) I26(o) 156(0) 
FORWARD 70(d) 78(d) 86(d) 94(d) 


RECORD, SELECT 
NEW GROUP 


706(0) 
454(d) 


RECORD, 107(o) H7(o) I27(o) I57(o) 
REVERSE 7*(d) 79(d) 87(d) 95(d) 


RECORD, SELECT NEW 
INITIAL ADDRESS (GROUP 
AND ANGULAR POSITION) 


707(0) 
455(o) 


RECORD**, FORWARD l46(o) 156(0) l66(») 176(0) 
FOR PRINT-OUT 102(d) 110(d) 118(d) 126(d) 


BUFFER 
DRUM* 


READ, NO CHANGE IN 
ADDRESS SEQUENCE 


710(0) 
456(d) 


RECORD", REVERSE llff(o) l57(o) 167(0) l77(o) 
FOR PRINT-OUT 105(d) III(d) 119(d) 127(d) 


READ, SELECT NEW 
INITIAL ANGULAR POSITION 


711(0) 

457(d) 


PAPER TAPE 

READERS 

(PTR) 


PTRO PTRI 
(MECH. FERRANTI 

READ, NORMAL 00 200(o) 

L x L° I28(o) 


READ, SELECT 
NEW GROUP 


712(0) 
458(d) 


READ, SELECT NEW 
INITIAL ADDRESS (GROUP 
AND ANGULAR POSITION) 


7l5(o) 
459(d) 


READ AUTO. 202(o) 
ASSEMBLY°°L x L° 130(d) 


RECORD, NO CHANGE IN 
ADDRESS SEQUENCE 


7l4(o) 
460(d) 


READ, NORMAL 00 2ll(o) 
BLOCK 137(d) 


RECORD, SELECT NE* 
INITIAL ANGULAR POSITION 


7»5(o) 
461(d) 


READ, AUTO. 2l3(o) 
ASSEMBLY °° BLOCK ° 159(d) 


RECORD, SELECT 
NEW GROUP 


7l6(o) 
462(d) 


PUNCH 


RECORD, NORMAL 00 204(o) 
7th HOLE SUPPRESSED 152(d) 


RECORD, SELECT NEW 
INITIAL ADDRESS (GROUP 
AND ANGULAR POSITION) 


7i7(o) 
463(d) 


RECORD, NORMAL 00 205(o) 
7th HOLE PUNCHED 153(d) 


RECORD AUTO.ASSY. 00 206(o) 
7th HOLE SUPPRESSED 154(d) 


SWITCH FIELDS 


734(o) 
476(d) 


RECORD AUTO. ASSY. 00 207(o) 
7th HOLE PUNCHED 155(d) 


CAMERA 


***INDEX CCDC CAMERA 
INDEX CAMERA 


O24(o) 20(d) 

004 


PRINTERS 


PRINTER 2 PRINTER 5 
(computer bm. ) (mot in use) 

RECORD 225(o) 255(o) 

149(d) I57W 

SELECT ANELEX PR INTER .SAME PRINTER GE CONT 244(o) 

SELECT ANELEX PRINTER. CLEAR PRINTER GP CONI ^jtrfol 


HEIGHT 
REQUEST 


RECORD 


006 




SBITCH TO PB 


000 


INTERVENTION 
REGISTERS 


REGISTERS & 1 RE6ISTERS 2 TO 51 
(activate) (insertion) 

READ 500 & 5M(o) 502 TO 537(o) 
192 & 193(d) 194 TO 223(d) 




CONDITION SWITCH 
TO PB 


001 




UNCONDITIONAL FF 
REGISTER RESET 


OICKo) 
006(d) 


MITE BUFFER 
STORAGE 


SET ALL TIMING SYNC. kCK CO) 


PROGRAM 
MARGINAL 
CHECKING 


EXCURSION INDICATION 
LINE SELECTION 
RELEASE STEP MODE 


002 

005 

OI5(o) OII(d) 


CLEAR ALL FF"s I1DK0) 257(d) 


COMPLEMENT ALL COUNTERS AND REGISTERS 433(o) 285(d) 


SET ALL REF. MEMORIES . 413(c) 267(d) 


CORE MEMORY 


CLEAR 


OI7(o) 015(d) 


SET ALL DATA MEMORIES . i25(o) 275(d) 


SET "RECORD WHILE READING" SYNC. llll(o) 265(d) 


IN-OUT 
CHECK 


ACTIVATE REGISTERS TO ONES 


504(o) 524(d) 


SET RECORD SYNC. (SUCCEEDING SLOT 

7 PULSE SETS ALL MEMORIES) 42lipJ 273(o) 


READ INDICATOR LIGHT 
REGISTERS 


50I(o) 521(d) 


SET RECORD SYNC. (SUCCEEDING SLOT 

7 PULSE SETS ALL DATA SYNCS.) 45Ko) 28l(o) 


ACTIVATE ALL LIGHT GUNS 


505(.) 525(d) 


CLEAR ALL INTERVENTION REG- 
ISTERS AND DISPLAY 
SWITCHES 500(o) 520(d) 


TF1 FTtf>£ . 


RECORD TT BUFFER REG. t02(o) 


REAL-TIME 
CLOCK 
(TIMING 
REGISTER) 


FINE COUNT 005 


SET ALL INTERVENT ION REG- 
ISTERS AND DISPLAY 
SWITCHES 


502(o) 522(d) 


COARSE COUNT 007 


CHANGE ROOM 222 + 5 VOLTS 
TO +10 VOLTS 


506(o) 326(o) 


CLEAR 01 l(o) 
009(d) 


CHANGE ROOM 222 + 5 VOLTS 
TO GROUND 


507(o) 527(d) 


RELEASE ALL TEST RELAYS 


505(o) 523(d) 


COMPLEMENT OI2(o) 
010(d) 


CROSSTEL. 

OUTPUT 

CODER 


SEND REFERENCE 
SEND ONE 
SEND ZERO 


420(o) 272(d) 
4l0(o) 264(d) 
4CO(o) 256(0) 


INDICATOR 

LIGHT 

REGISTERS 


RECORD REGISTERS TO 7 
510 TO 517 (0) 
528 TO 555 (0) 




1 RAYOIST 


Ol6(o) 014(d) 


•ADD I000(o), 512(d), TO THE DRUM 51 ADDRESS 
SAR END CARRY TO ADD ONE TO THE GSR. 


TO ENABLE THE 

MT5. 

READ. 
1PPLY INFORMATION. 
)Y ANOTHER £L 

> READ IN ON EACH 

!0E OF OPERATION 


DISPLAY 
SCOPES 


display points 06oo to 0677(o) 
584 to 447(d) 


••PRINT OUT IS 
IN L x L OPERA 

IN BLOCK OPERA 

TO THE COMPUTE 

COMMAND. 
00 IN THE NORMAL 

10 OPERATION. 


NLY USEFUL WITH MTI, MT2, ANT. 
TION THE UNIT STOPS AFTER EAO 
TION THE UNIT CONTINUES TO a 
R UNTIL THE UNIT IS STOPPED E 

MODE OF OPERATION ONE LINE IS 
IN THE AUTOMATIC ASSEMBLY MC 


DISPLAY VECTORS |600 TO l677(o) 
896 TO 959(0) 


DISPLAY 2600 TO 2677, 5600 TO 5677(0) 

• ".-'".3E?.-^PS 'i lAC T " l!:7! . to?'* TH ItfWn' 
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o 
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